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The value of the Cathode Ray Oscillograph 
" as an aid to scientific investigation is so high 
~N and so widely appreciated that further 
ak. emphasis on its importance is unnecessary. 
We would emphasise, however, that { 


Cossor Instruments Ltd., in providing 
a wide range of these invaluable 
instruments, have been able to 
help Research with the solu- 

tion of many of its difficult 
problems and are anxious to 

place their long experience of the 
subject at the disposal of enquirers. 

















Model 1035 Mk II 
Double Beam Oscillograph 


Two independent amplifiers 
with frequency ranges 20 c/s 
to 7 Mc/s and 20 c/s to 100 
Kc/s. The 4-in dia. flat screen 
tube operates at 2 kV. 

Time intervals and Input 
Voltages may be measured 
on either beam by means 

of the calibrated controls. 
Time base for repetitive, 
triggered or single-stroke 
scan with velocity 150 milli- 
seconds to 1§ micro-seconds. 


The instrument in operation near the face of the British 
Experimental Pile “BEPO” at the Harwell Research 
Establishment of -the United Kingdom Atomic Energy 
Authority. 









COSSOR INSTRUMENTS LIMITED 


THE INSTRUMENT COMPANY OF THE COSSOR GROUP 





COSSOR HOUSE - (Dept. 68) - HIGHBURY GROVE - LONDON - N.5 
Telephone: CANonbury 1234 (33 lines) 
Telegrams: Cossor, Norphone, London 


Cables: Cossor, London 
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SIMON-CARVES 
ATOMIC ENERGY GROUP 


are proud to announce that they are to build for 


The South of Scotland Electricity Board 


the largest 
nuclear power station 
in the world 


Installed electrical generating capacity, 360,000 kilowatts 











4 ist’s impression of the new nuclear power station 


Britain leads the world 


in nuclear power for peace 


THE GENERAL ELECTRIC CO LTD e@ SIMON-CARVES LTD. e THE MOTHERWELL BRIDGE & ENGINEERING CO LTD e JOHN MOWLEM & CO LTD 
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An Improved 


Geiger Muller Tube 





for Beta Counting 





WINDOW DIAMETER 1” 

WINDOW DENSITY 1.5 to 2.5 mg/cm? 

WINDOW MATERIAL mica 

BACKGROUND COUNT 10 counts per minute in standard lead castles 
QUENCHING GAS Halogen 

ELECTRICAL LIFE Exceeds 10'° counts 


Research workers will readily appreciate the significance of the outstanding 
characteristics of the MX123. And this new Mullard Geiger Miller Tube offers 

even more. It is produced to close manufacturing tolerances which means that it 

can be precisely mounted. Robustness is ensured by the use of a chrome iron 
envelope. The MX123 remains stable, even when operated continuously at maximum 
counting rates; and it has the outstanding insulation resistance of more than 

10'° ohms. For further information on the MX123, or details of the complete 
Mullard range of Geiger Miiller Tubes, please write to the address below. 

A team of specialists is at your disposal. 


Mullard 
_ ESEYA vision] 


HZ MULLARDLTD., X-RAY DIVISION, NEW ROAD, MITCHAM JUNCTION, SURREY - Telephone : Mitcham 347! 
MXR 502 
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DESIGNED AND BUILT 
THE SEALED BUILDING 
FOR THE HEAVY-WATER MODERATED REACTOR 


DIDO AT HARWELL 


tz WHESSOE LIMITED 
DARLINGTON 


7 AND LONDON 





834 MEMBER COMPANY OF THE NUCLEAR POWER PLANT COMPANY LTD, 


w93 
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TURBINE GENERA- 
TORS and ancillary 
apparatus. 

GAS TURBINES for 
application on land and 


MOTORS for every 
industrial application. 
CONTROL GEAR 
for all motor drives. 


TRACTION equipments 
for electric and_ diesel- 
electric locomotives and 
trains, and for trolley- 
buses. Railway Signal 
Equipment. 


TRANSFORMERS 
SWITCHGEAR 
INSTRUMENTS 
METERS & RELAYS 


fm = =TESTING EQUIPMENT 
i 
im ELECTRONIC 


CONTROL 


a —— 





WHATEVER THE INDUSTRY, you will find 

that the products of this company are contributing to the 

efficiency and smooth running of the electrical plant. WELDING 
EQUIPMENT 


A few of the more important manufactures of the Metropolitan- 
AND ELECTRODES 


Vickers organisation are |.sted in the panels, and the company 
will be glad to give you full details and descriptive literature 
dealing with the w.de diversity of electrical equipment manu- 


factured for every industrial and scientific application. 


X-RAY EQUIPMENT 


for all industrial 


METROPOLITAN -VICKERS applications 


ELECTRICAL CO LTO TRAFFORD PARK MANCHESTER, 17 





Member of the A.E.1. group of companies. 


anu LEADING ELECTRICAL PROGRESS == 


A/A610 
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NEW DYNATRON 
PULSE AMPLIFIER 


Pulse Amplifier 1430A is a wide band linear 
amplifier designed for use with fast ionisation chambers, 
proportional and scintillation counters. This equipment 
comprises three units, the main amplifier and stabilized 
power supplies, H.F. Head Amplifier for ionisation 
chambers and proportional counters and an alternative 
Cathode Follower Head for scintillation counters. 


The main amplifier has a maximum gain 
of 86dB reduceable in steps of 2dB to a gain of 46dB 
with an input impedance of 100 ohms. It will deliver 
output pulses of 50 volts positive polarity for not greater 
than 1% non-linearity. The H.F. Head Amplifier has 
a fixed gain of 31.5dB, and the Cathode Follower Head 
has an insertion loss of 23dB. Both head units have 
provision for input of either polarity ang incorporate 
E.H.T. filter circuits. 


H.T. and L.T. supplies for the whole 
equipment are stabilized and the amplifier circuits 
incorporate negative feedback enabling a gain stability 
of the order of 1' 


SPECIFICATION: 

Main Amplifier 

Input: 100 ohms impedance. Negative polarity. 
Gain: Maximum 86dB. Coarse Control —o to 20dB. 
Fine Control —o to 20dB in steps of 2dB each. 
Integrating Time Constants: 0.o8us to 8us in 
7 steps. 

Differentiating Time Constants: 0.08us to 8us in 
7 steps plus 250us step. 

Output : Positive 50 volt for 1°, linearity. Satura- 
tion 75 volt. 

25dB to 1.4mcs. 


Se ee a a 1 
Upper Frequency Response : | 3.25dB to 2.8mcs. 


H.F. Head Amplifier 

Input : 10 megohms, ropf. 

Output : Designed to feed into 100 ohm matched cable. 
Gain: 31.5dB. 

Filter : E.H.T. Filter suitable for voltages up to 3KV. 


Cathode Follower 

Input : 10 megohms ropf. 

Output : Designed to feed into 100 ohm matched cable. 
Insertion Loss : 23dB. 

Filter: As in H.F. Head Amplifier. 


Dimensions and Weights : 

Main Amplifier 19” x 13” x 104” (47.5 x 32.5 X 25 cm). 

Weight: 48 Ibs. (21.6 Kg.) H.F. Head Amplifier 10}” x 64” 

x 34” (30.6x15.2x9.6cm) case. Weight: 4lbs. (1.60 Kg.) 
Cathode Follower 4” x 4” x 4” (10.2 x 10.2 x 10.2. cm) case. 
Weight: 2 lbs. (.91 Kg.) 


The Main Amplifier is normally supplied for rack mounting. 


Made in conjunction with and under Atomic Energy Research 
Establishment licence. 


Write for further details of this and other Instruments in the 
Dynatron range. 
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Pulse Amplifier type 1430A 


) ) 


H.F. Head Amplifier 


Cathode Follower 





UYNATRUN 


NUCLEONICS 


Britain's first producers of Nucleonic Instruments 


Nucleonics and Electronics Department 
DYNATREON RADIO LTD 
Maidenhead, Berks. Tel: Maidenhead 3811 


Scalers - Pulse Generators - Pulse Analysers 
Power Units - Probe Units - Pulse Amplifiers 
Instrument Cases 











With ENERGY 
as the end product... 


STAINLESS STEEL EQUIPMENT is called upon to do many 
jobs in the rapidly expanding field of nuclear engineering, 
and Butterfields are producing to specification a great 
variety of storage and processing plant designed 

for use in nuclear power development schemes. 

The Butterfield name for accurate and reliable fabrication 
is always a good safeguard in placing your work. 





Butterfield 





W. P. Butterfield Limited STAINLESS STEEL 


P.O. Box 38 Shipley Yorkshire Tel 52244 (8 lines) 


Branches LONDON Telephone HOLborn 2455 (4 lines) BIRMINGHAM EQUI MEN 7 


Telephone EAS 087! BRISTOL Telephone 26902 LIVERPOOL Telephone 

CEN 0829 MANCHESTER Telephone BLAckfriars 9417 M b ) 
NEWCASTLE-ON-TYNE Telephone 23823 GLASGOW Telephone CEN 7696 f j 
BELFAST N.1I. Telephone 57343 DUBLIN Telephone 77232 ay we quote or your next jo - 
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Thirteen for 
Heavy Water... 


At the heart of the Harwell research reactor, 
DIDO, are three pumps. These pumps circulate 
heavy water from the reactor to the _ heat 
exchangers. Without them, DIDO could not 


operate. 


They are Hayward Tyler glandless pumps of the 





type shown in our picture. They are designed for 
continuous operation in circuits where leakage can- 
not be tolerated. Their parts are made of non-cor- 


rosive materials and, to exclude contamination, 











they were assembled under surgically clean con- 





ditions. 
Ten more of these pumps are on order for other 
British reactors where heavy water is the cooling 


medium. 


HAYWARD TYLER 


HAYWARD TYLER & Co Ltd LUTON ENGLAND \ 
TELEPHONE: LUTON 6820 
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The MEASUREMENT, CONTROL AND HEALTH INSTRUMENTATION 


FOR 
‘LIDO’ 
SWIMMING POOL REACTOR 


WAS DESIGNED AND INSTALLED TO A.E.R.E. SPECIFICATION 
BY 


a 
eee 
RUM 
A DIVISION OF ERICSSON TELEPHONES LIMITED 


Enquiries to: THE INSTRUMENT DIVISION, HIGH CHURCH STREET, NEW BASFORD, NOTTINGHAM. Telephone: NOTTINGHAM 75115 
ts2 
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United Kingdom Atomic Energy Authority, Windscale Works, Setlafield, Cumberland Crown Copyright 





















MUREX AT WINDSCALE ATOMIC ENERGY PLANT 


Mankind has already advanced far into the atomic age. industrial organisations. The technical, research and 
Britain's atomic factories, power stations and other manufacturing resources of Murex Welding Processes 
nuclear est.blishments are already in being. These are Ltd., are playing their part in developing and supplying 
but the forerunners of much vaster projects in the arc welding electrodes and equipment to meet the most 
future. Our present progress in the development of exacting requirements of the United Kingdom Atomic 
nuclear energy is the direct outcome of research in the Energy Authority, and they are ready to meet the 
past. This research has been carried out not only by demands of the future. Murex products backed by 
Government scientists and establishments, but by famous the same resources are at your service. 


Among tke contractors who have used Murex electrodes extensively at Windscale 
Atomic Energy Plant are Whessoz Ltd., Taylor Woodrow Construction Ltd., 


+. 2 Matthew Hall & Co. Ltd., and Alex. Findlay & Co. Ltd. 
MUREX GGG Ue ears 


VV MUREX WELDING PROCESSES LTD., Waltham Cross, Herts. Tel. Waltham Cross 3636 
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OUR PURPOSE 


in this announcement is to invite 
enquiries for: 
Precision quantity production 
assemblies & machined units 
to engineers drawings 


OUR CREDENTIALS 


we have been entrusted by U.K.A.E.A. 
for several years in the 

manufacture of flowpacks 

A.I.D. approved and on Admiralty 
and War Office lists. 


OUR BACKGROUND 


we are manufacturers of : 
Flame traps - carburetters & spray 
jets» injectors—burners + control joints 
etc. + pressure regulating valves - 
various assembled units and precision 
automatic production and assemblies 
of cellular construction. 


\.197 
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For Cell Cladding many thousands 
of panels were used. These com- 
prised heavy density cork faced 
with Sheet Aluminium toa modular 
size 8’ x 4’ in |” and I4” thick- 
nesses, the joints being covered 
with solid Burma Teak strips. 

We manufacture a variety of 
composite materials in this field for 
cladding, insulation and shielding 
purposes. 


Architects: T. L. Viney, A.R.I.B.A., R. S. Brocklesby, A.R.1.B.A. 


Chief Architects to the Industrial Group of the WA illiam Mallinson 


Atomic Energy Authority 
and Sons tI.td. 
TIMBER and VENEER MERCHANTS 


130-150 HACKNEY ROAD - LONDON .: €E.2 
Telephone: Shoreditch 7654 (15 lines) Telegrams: “‘Almoner,”’ London 


Contractors: Trollope & Colls Ltd 


MANUFACTURERS OF PLYWOOD, ARMOURPLY, PANELS, COMPOSITE PARTITIONING AND INSULATING BOARDS 
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Shaping 
the Future 















Skill doesn’t come easily. It has taken more 
than 12 years of close association with the 
development of Atomic Energy for Marstons to 
build up the specialized technical knowledge 

they possess in this field. Marston Excelsior, from 
the start, have been among the foremost suppliers 
of specialized equipment to the U.K.A.E.A.— 
equipment for the first large-scale diffusion 

plant in this country; plate type fuel elements for 
the research reactors Dido, Lido and Dimple; 
stainless steel gas coolers for Calder Hall. It is 
this past experience that is helping Marstons 


to shape the future with such precision. 








MARSTON EXCELSIOR LIMITED 


ICI Fordhouses, Wolverhampton | 
| AT CALDER HALL 





this complex bundle of 
A subsidiary of Imperial Chemical Industries Limited | precision made tubes is part of the monitoring 
system. In any problem of specialized fabrication, 
| Marstons will most likely have the answer. 


MAR.193 
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THE WORLD-WIDE-FAMOUS 
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known for their Design, Precision and Quality for more than 80 years. 


SOLVE ALL PROBLEMS . Ah ten 
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JOHANNES ERHARD H.WALDENMAIER ERBEN 


Siddeutsche Armaturenfabrik, Heidenheim/ Brenz- Germany 
Telephone 3881 Cable: Erhardarmaturen 





For all information write to 


The Sole Agents for the United Kingdom 


A.K. STARCK'S CO. LT D. 22, Chancery Lane London W.C. 2 


Telephone Holborn 2966 Cable: Akstar London 
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the SPEKKER 
for 
simplified absorptiometry 





In the important field of absorptiometric (colorimetric) analysis, the 
Spekker absorptiometer is being increasingly used by chemists and 
metallurgists, even for the analysis of difficult elements such as uran- 
ium, titanium, niobium, and tantalum. It is simple to operate, needs 


no batteries, and can easily be converted to a sensitive fluorimeter. 
For full details write for catalogue CH 244 (N.P.1) 


HILGER & WATTS LTD 98 ST PANCRAS WAY, LONDON, N.W.! TEL: GUL 5636 


Makers of precision optical instruments for analysis, measurement, and inspection 





RROUS 
gE Miry 
<o% ESTABLISHED 1780 Tar, 


THE HOUSE OF 


CLERKENWELL 
Offer the most comprehensive stock available 
FOR THE NUCLEAR ENGINEER 


BRASS + DURALUMIN RIVETS 
COPPER - ALUMINIUM NUTS 
PHOSPHOR BRONZE, ETC. SCREWS, ETC. 


J. SMITH & SONS (CLERKENWELL) LTD. 
42-54 ST. JOHN’S SQUARE, CLERKENWELL, LONDON, E.C.1 
Phone : CLErkenwell 1277 (14 lines) 
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‘Absolute’ air filters are 
individually tested 


A new range of Vokes filters has been developed to ensure 
efficient filtration where radioactive dust (such as in nuclear 
energy installations) or dustborne bacteria could be really 
dangerous. In these cases. even submicron particles of dust 
can have serious results, and it is to arrest these minute 
particles that Vokes now offer their ‘Absolute’ Filters. 

To ensure complete dependability, every Vokes ‘Absolute’ 
Filter is tested by the ‘methylene blue’ method* before 
dispatch ; any unit not registering at least 99°95%, efficiency 
is automatically rejected. In this way Vokes maintain their 
claim of ‘absolute’ air filtration in those cases where serious 
trouble might result because of the nature of the dust. 


* How Vokes Filters are individually tested 


The test—known as the ‘methylene 
blue penetration’ test—consists of a 
comparison of dye stains between 
the inlet and outlet sides of the filter. 
A 1 solution of methylene blue 
dye in water is passed through an 
atomiser. In evaporating, the water 
droplets leave dye particles of a 
known size in the airstream, By 
number, 90°. of these particles are 
below 0°5 micron in size, while 50° 
of them measure less than 0-05 
micron, These are the dangerous 
particles stopped by the Vokes 
‘Absolute’ Air Fiiters — to your 
plant’s benefit. The box-type can- 
ister shown in the photograph was 
tested at 200 c.f.m. and with a 
water gauge drop of no more than 
1:25 in. the dye penetration was 
only 0-003°,, giving a test efficiency 
of 99-997 


Pioneers of 
scientific 


filtration 


VOKES LIMITED - GUILDFORD - SURREY 


Telephone: Guildford 62861 (6lines). Telegrams & Cables: Vokesacess, 
Guildford, Telex. Telex: 13-535 Vokesacess 
London Office: 123 Victoria Street, Westminster, S.W.| 
VOKES (CANADA) LTD., TORONTO’ VOKES AUSTRALIA PTY. LTD., SYDNEY 
Represented throughout the world 
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...Stainless Steel Bellows 





...absorh the movement 


In diameters of lin. to 7ft.—and upwards. 


Consult us on your bellows problem. 


STAINLESS 
STEEL 
BELLOWS 





In technical collaboration with the 
Solar Aircraft Coy., U.S.A. 


TEDDINGTON AIRCRAFT CONTROLS LTD.., 
INDUSTRIAL BELLOWS DIVISION (L2) 
PANTYFFYNNON RD., AMMANFORD, CARMS. 
Telephone: Ammanford 455 
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The bi-monthly review of CISE (the Information Centre 
for Studies and Experience) 


This journal covers all important developments in the 





¥ field of nuclear technology in Italy 
Soha 
Lr ’ 
_- energia We announce: 
Pay nucleare | Starting December ORIGINAL PAPERS IN ENGLISH 


To keep abreast of trends in Italy you should read 
Energia Nucleare 


Subscription rate per annum - 45s 
Subscription for both 1956 and 57 75s Per copy 7s 6d 





Subscription to sole agents 
ROWSE MUIR 

PUBLICATIONS LTD 
3 Percy Street, London, Wl 








Portrait of a spy... 


ASTER OF INFILTRATION for many generations, the modern spy also 

has to bean expert on filtration. Today’s secret agent has access to 
so much information that he has to know exactly what he is about 
in order to send back to his superiors only those formule and plans 
which will yield vital secrets. 

For a long time, too, Heather Filters have been doing an exemplary 
job of work wherever vital clean air needs to be passed through an 
air-conditioning system. Their intermingling hairs stop the passage of 
harmful dust without the aid of any messy fluids, and they can be 
cleaned in a jiffy. What’s more, they make a claim that most spies 
cannot—they will last a long lifetime! We would be pleased to help you 
find out some more secrets of efficient air filtration. 


LEM ANTE AIS LDL ESS LL LITERD 


28ST. JAMES’S PLACE, LONDON, S.W.!. HYDE PARK 7583 





HF.8 
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SERVES THE 
INTERESTS OF 
AND RESEARCH— 
PARTICULARLY 
FIELD OF 


British Oxygen Gases Limited 
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BP LS, Ss 8 








Improved 
STABILISED E.H.T. 
POWER UNITS 





These instruments were first designed eight years ago and have from that time 
given a continuous and reliable service to their users. Concerned as they are with a 
rapidly developing field of Science, it is not surprising to find that certain modifications 


were desirable to suit present-day techniques. 


The 1955 models of type D.4019/B, 2 KV. unit, and D.4019/P, 4 KV. unit, 
embody all the latest improvements, including a stabilisation ratio of 100:1 and a ripple 
level of 0.01%. for only a very modest price increase. 


A stable voltage source of either Positive or Negative polarity can be obtained 
from either instrument for the operation of Geiger-Miiller and Photo-multiplier Tubes, 
lonisation Chambers and Proportional Counters. 


PRICE: MODEL D.4019/B ae ‘i £70 
MODEL D.4019/P a ‘up £75 


Immediate Delivery from Stock 


Labgear (Cambridge) Ltd. 


WILLOW PLACE, CAMBRIDGE 


Telephone: 2494/5 Telegrams: ‘‘ LABGEAR, CAMBRIDGE ” 
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UCLEAR ENGINEERING cannot tolerate faulty 


design or ill-chosen materials. Every inch of a 





plant that houses such enormous energy has 
to be designed and constructed to highly critical specifications. 
That is why such contracts go only to the cream of industry. 

For this reason we at the Darlington Insulation Company are 
particularly proud to list, among our many major achievements, 
the honour of being the first insulation contractors to work on a 
British nuclear power station. 

The Calder Hall project involved a succession of new problems 
during construction, the testing nature of which was just another 
challenge successfully met by the skill of our engineers. 

Your insulation problems (whether heat, cold or sound) call for the 
same wide experience, the same awareness of new developments 
in engineering, as well as suitable materials of proven efficiency. 
A talk with one of our technical representatives will cost you no 
more than a letter or a ‘phone call. The Darlington Group of 
Companies are always at your service and would be pleased to 
help you right away. Ring Newcastle 23666 and tell us your 
problem now. 


THE DARLINGTON INSULATION CO. LTD 
Head Office: 38 Great North Road, Newcastle upon Tyne 


Branch Offices at: London, Birmingham, Bolton, Bristol, Cardiff, Glasgow, Leicester, Sheffield 
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Therefore choose life” 


‘“‘T have set before you life and good, 


death and evil... therefore choose life”’ 


NO MORE CRUCIAL CHOICE was ever 
presented to men than the use to which 


station for the Central Electricity 
Authority on the Severn estuary. 


they put the unimaginable power of the 
atom. The same raw material can be 
made to produce electric power for the 


business of peace, or bombs capable of 


destroying great cities in a blinding 
moment. 
The companies whose names appear 


These companies form a skilled team 
of artificers in a new industry of im- 
measurable importance to this country 
and the world. As Britain becomes laced 
with threads of ever cheaper and more 
plentiful electricity they will turn their 
attention elsewhere, so that industrial 


_ Thome 


here are not the arbiters in this matter. 
They are contractors concerned with 
the peaceful development of atomic 
energy. Indeed, they have just been 
instructed to build a nuclear power 


development springing from the use of 
nuclear power may bless the lean places J 
of the earth. The power for creation now y 
in our hands is beyond the dreams of a 
generation ago. 


= 
United : 


- | 
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A light through the gloom 


HIGHLIGHTED by the onset of oil rationing, and the general political gloom, the first stage 
of Britain’s nuclear power programme began to take on an aspect of urgent reality last 
month with the awards of three huge contracts for power stations. Harking back to the 
much-quoted White Paper of Feb 1955, this foresaw the construction of two 50-l00OMW 
stations starting construction mid-1957, followed by two more at the turn of 1958-9. This 
would mean 400-800MW in operation by 1963. 


In fact, what ismow projected—taking into account the Inkley Point station, which has 


not yet been finally approved—is at least 1150MW net output to be available about the 
turn of 1961-2. 


This is a wonderful achievement and one which surpasses the White Paper planners’ 
wildest dreams. Not only is the output much greater: the time scale has been drastically 
condensed. How it has been done is obvious only in general terms: it will need time to 
study the designs in order to find out what solid engineering advances have been made. 
Nevertheless, it is already clear that these new projects represent a tremendous advance 
in reactor technology, and one which reflects great credit on the firms which have poured 
so much money and effort into producing practical designs in such a short time after start- 
ing absolutely from seratch. 


As for the next step—the expected revised programme—the country still awaits Mr Jones’s 
pronouncement, and it is to be hoped that it will be based on the idea that we must build 
to the limits of what is physically possible. This is literally the only way in which we 
can survive in the long run. 


The new programme must obviously be based on a bird’s eye view of the whole industrial 
scene, but it should be flexible enough to meet changing circumstances. In other words 
we do not want a new plan every two years or so: if the master plan is well-drawn it should 
be able to survive as an entity until it is fulfilled. 


Limitations there will be—the shortage of steels, graphite and other materials—but they 
must be foreseen and plans laid now for overcoming them. Manufacturing capacity for 
a large proportion of the programme is not likely to be a bottleneck, for it must be remem- 
bered that the nuclear stations will be replacing conventional stations. Although the lat- 
ter will continue to be built for some years they will form an ever-decreasing volume of 
work, which will release labour and plant for the rapidly developing nuclear programme. 


Organizing the industry 


FOR SOME TIME it has been apparent that if Britain’s plans for nuclear power deve- 
lopment both at home and abroad are to proceed at a satisfactory tempo, very considerable 
industrial potentials will have to be mobilized with the least possible delay. This will 
mean the drawing in of wide sectors of design and manufacturing capacity hitherto un- 
committed. Experience has shown that there is no lack of interest in these circles but 
there is however a scarcity of knowledge as to how to go about producing a contribution 
to nuclear energy. 


The situation is easy to understand. Until recently, atomic energy meant only one thing 
and even firms quite deeply involved during those secret years were often only given their 
orders, told to get on with it and ask no questions. Quite suddenly the situation altered. 
Atomic energy became nuclear power and if the swords did not become ploughshares 
overnight, at least we were told that agricultural implements could be made. This rapid 
switch, dictated by the gravity of Britain’s chronic fuel problem, has brought its prob- 
lems in the shape of growing pains. 


How then to help industry advance? A proposed method is NETAC—The Nuclear Energy 
Trade Association’s Conference—which has been formed to forestall any attempt to set up 





yet another trade association. The move has a close parallel to the organization of the 
British Nuclear Energy Conference which was set up about two years ago to provide a 
common forum for the engineers, chemists and physicists working together in nuclear 
power projects. NETAC is designed to draw together the management interests in the 
same field and therefore has an important role to play in encouraging and assisting firms 
on the fringe of this great new industry to enter it wholeheartedly. Another important 
function will be to secure the maximum publicity for British efforts in the nuclear field 
not at some future date, but immediately. NUCLEAR POWER, with its wide contacts in 
all sections of industry, the Atomie Energy Authority and the electricity undertakings 
is fully conscious of the need for an organization of this nature. It therefore welcomes 
NETAC and pledges its full support for an organization which should go a long way to 
filling a very real need at the present time. 


Nevertheless, it is important that NETAC should know exactly where it is going. In the 
first place, it should be recognized that both BNEC and NETAC are products of a cer- 
tain line of thought—the conviction that nuclear engineering has no right to a separate 
existence but is merely a new alignment of established technologies. This view is at least 
arguable and the history of technology in this country shows that similar views about 
other branches of engineering have proved ultimately untenable. There are now many 
flourishing institutions outside the Civils, Mechanicals and Electricals and they are out- 
side precisely because the Big Three could no longer cater for the specialized needs of 
certain developing groups. There is already growing—particularly amongst younger en- 
gineers, many of whom have gone straight into nuclear energy—a feeling that the BNEC. 
has outlived its usefulness and that a more closely-knit and specialized institution is needed. 
Furthermore, all the big contracting groups have found it necessary to set up special 
nuclear divisions, thus tacitly admitting that atomic energy is not just ‘ ordinary” engin- 
eering which can be handled by their existing organization. It might therefore be 
assumed that the management problems, too, are taking on a specialized aspect. Secondly, 
NETAC is an amalgamation of trade associations which in turn includes a great many 
firms, some of which at least will probably never be interested in nuclear power. It is 
possible that these companies may object to their trade association supporting an organ- 
ization from which they can expect little or no return. In a world of too many organiza- 
tions, the thought behind NETAC, and indeed of BNEC, is understandable, but we live 
in a rapidly expanding sphere and the workings of natural forces are always hard to resist. 
It may, therefore, be anticipated that in time, NETAC may develop in such a way that 
the possible objections outlined above may cease to have any force. At least it is a start 
and it is generally simpler to work within an existing framework, at least until the number 
of redundancies begin to make it unamenable to analysis. 


It will be interesting to learn just what activities NETAC proposes. Atomic energy is unlike 
any other industry in that it will probably always be subject to at least a degree of govern- 
ment control, if only for considerations of public safety. For this reason, the closest links 
between the official and industrial sides must be forged, so that a vigorous two-way traffic 
in ideas is established. This could be done conveniently by meetings, conferences and 
exhibitions, and the organization should also maintain a bureau for the use of members 
through which information and advice could be obtained. 


High on the list of priorities must be the selling of British nuclear plant abroad and 
NETAC could do much to stimulate interest by organizing British participation in foreign 
trade fairs. The President of the Board of ‘Trade announced after the last of the British 
Industries Fairs that money previously allocated to the BIF would now be available for 
these purposes to suitable organizations. Here is a golden opportunity to build a body 
worthy of the President’s support. 


In the United States, we have the lesson of the successful Atomic Industrial Forum—which 
incidentally has several British members. Experience shows that indigenous organizations 
cannot be transplanted root and branch but the power and influence of the Forum indicate 
that American industry has found a very real need for an organization able to carry out 
Mr Eisenhower's * Atoms for Peace’ policy. We would do well to have a close look at the 
Forum before crystallizing our own organization. 


NUCLEAR POWER will be glad to print readers’ letters on the subject. 
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EARLIER THAN EXPECTED, the sue- 
cessful tenders for Britain’s first power- 
optimised nuclear power stations were 
announced on December 13. The biggest 

for the South of Scotland Electricity 
Board General Electrie— 

This will 


ably be at Hunterston, on the Ayrshire 


goes to the 
Simon-Carves group. prob- 
coast opposite the island of Great Cum- 
but the of State for 
Scotland given his 
approval of the exact site. 

The Electricity 
contracts went to the AEI 
Co. who are to 
Berkeley on the 
The Nuclear 
Power Plant Co. whose assignment is at 
The sta- 
the Calder Hall 


uranium, 


brae, Secretary 


has not yet final 


first Central Authority 
John Thomp- 
Nuclear Energy 
build the 


Severn 


son 
station at 
estuary, and to 
Bradwell, on the Essex coast. 
tions are all based on 
of natural 


type graphite 


moderated, CO.-cooled reactor—two reac- 


tors per station. Being optimised for 
power rather than plutonium they all 
have on-load fuel charging and automatic 
control. Use of 3-inch plate for the pres- 
sure vessel has put up both the operating 
pressures and physical dimensions of the 


In the GEC and NPPC designs 


the pressure vessel is spherical; AEI have 


core, 


retained the cylindrical form. Outputs 





UNITED KINGDOM 


Third power site chosen 


The Central Electricity Authority's third 
nuclear power station will probably be 
in Somerset on the shores of the Bristol 
The 


called 


Channel. site chosen is on a low 
Inkley Point 
west of the mouth of the 


River Parrett and about eight miles from 


promontory some 


four miles 
Bridgwater. The country rock is lime- 


stone a few feet below the surface and 
this is considered to provide excellent 
foundation conditions. A further advan- 
tage is the plentiful supply of circulating 
water from the 


sea. The proposed site 


still has to receive approval from the 
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ff BERKELEY) 
? } 


are between three and four times that of 
Calder Hall, the net sent out figures be- 
ing: Hunterston, 300—320MW ; Berkeley, 
275MW; Bradwell, 300MW. 
puts were disclosed only for Hunterston 

360MW. The costs: Hunterston * about 
35m’; Berkeley ‘£30 to £40m’; Brad- 
well, not disclosed but probably of the 


Gross out- 


same order. These costs do not include 


fuel. As a guide, Hunterston will use 


500 tons of natural uranium; at a cost 
of £20,000 per ton, the initial investment 


per station will be about £10m. 


Missing from the list was Babcock and 
Wilcox 


derstood 


English Electric, but it is un- 
that the CEA 
negotioting with this group for the sta- 
at Inkley Point, Somer- 
set (see this Worldview). This 
will be of about 275MW net. 

Work at Berkeley 
Bradwell is due to commence within a 
matter of weeks 

Britain’s 


are at present 
tion to be built 
station 


Hunterston, and 


months ahead _ of 


schedule. first four pure 
nuclear power stations 
erating in 1961—will have an aggregate 
sent-out output of 1150MW and will cost 
about £160m, or £200m with the initial 


fuel charge. 


they will be op- 


Giving details of his company’s successful 


Somerset County Planning Committee and 
the Minister of Fuel The 
area is a nature reserve but serious oppo- 


and Power. 


sition to the move is not expected. The 
Planning Committee’s recommendation to 
the Minister is expected to go to him 
this month. 


So far, no announcement has been made 
about fuel reprocessing plants but it can 
be seen from the map that Inkley is in 
the same area as Berkeley and it would 
be a logical move to set up a spent fuel 
works serving both stations, possibly in 
the South Wales area. 


Clearing decks for A-age 


An electricity supply organization better 


WwoRiLDvVviEw 


tender, GEC director Arnold Lindley said 
research and development had already 
cost his group £2m. In building the sta- 
full of local 


labour and the construction would bring 


tion use would be made 


a large amount of work to Scotland. 


Sub contractors to GEC—Simon-Carves, 
Motherwell Bridge, and John Mowlem 
(Scotland) Colvilles Ltd, Harland 
Engineering Co Ltd, Glenfield and Ken- 
nedy Ltd, James Howden and Co Ltd, 
Cockburns Ltd, Stewarts Lloyds 
Ltd, and Kenyons Ltd (Stirling). 


The AEI—John Thompson team 
prises: British Thomson-Houston Co 
Ltd, Metropolitan-Vickers Electrical Co 
Ltd, John Thompson Ltd, Balfour Beatty 
and Co Ltd, John Laing and Son Ltd, 
Sunvic Controls Ltd, Isotope Develop- 
Ltd, Bros Ltd, Edison 
Swan Ltd, Ferguson Pailin Ltd, Hotpoint 
Ltd. 

Forming the Nuclear Power Plant Co 
Ltd are: C. A. Parsons Ltd, A. Reyrolle 
Ltd, Head Wrightson Ltd, Sir Robert 
McAlpine Ltd, Whessoe Ltd, Clarke Chap- 


man Ltd, Strachan and Henshaw Ltd. 


Almost with this news 
came that of a new large group—Atomic 


are: 


and 


com- 


ments Siemens 


simultaneously 


Power Construction Ltd (see Companies). 


suited to carry out the nation’s nuclear 
power programme is detailed in a Bill 
which obtained its second reading in the 
House of Commons on Dec 17. Broadly 
speaking, the Bill has the effect of re- 
ducing the present concentration of power 
at the centre of the supply industry and 
giving the 12 Area Boards more auton- 
omy. 


In introducing the Bill, Fuel and Power 
Minister Aubrey Jones said the govern- 
ment were anxious to expand the nuclear 
power programme as far and as fast as 
practicable. He regretted he was not yet 
in a position to disclose details of the 
new plan and said he would do this after 
the Christmas recess. 


The new Bill arises directly from the 











report of the Herbert Committee which 
1956. 
its terms, the present Central Electricity 
Authority is to go 


was published in January Under 


and its functions 
redistributed between two new bodies 

the Electricity Council and the Central 
Electricity Generating Board. With fune- 
the the 
Electricity Council will coordinate acti- 


tions similar to Gas Council, 
vities between the Generating and Distri- 
buting Boards, organize major research 
the 
Minister on problems affecting the in- 


dustry. Its 


projects, raise finance and advise 


chairman and vice-chairman 
will be appointed by the Minister and its 
the the 
Generating and Area Boards. 


members will be chairmen of 


The function of the Generating Board 
is to produce electricity and distribute 


it in bulk to the Area Board. 
ducing the second reading, Mr Jones said 


In intro- 


it would concentrate on the nuclear pro- 
gramme and would be constituted to do 


so. It would have to have very close 
relations with the Atomic Energy 
Authority and this might be done by 


having two full-time members of the AEA 
join the Board as part-time members and 
vice-versa. 

The the 
Act, have to balance their books year by 


Area Boards will, under new 


year: under the present system the Cen- 
tral Authority is allowed to balance the 
Not all 
the Herbert recommendations have been 
the 


ample, no provisions have been included 


good areas with the bad ones. 


accepted by Government: for ex- 
to increase the salaries of top-level en- 
gineering executives. 

Speaking in the debate, Geoffrey Lloyd, 
Mr Jones’ predecessor at the Ministry 
of Fuel the 
nuclear plan were trebled it could save 
18m/a tons of coal by 1965. But it would 
£700m. the 


idea of the Generating Board whose one 


and Power said if present 


cost He strongly favoured 
job should simply be the production of 
power, without the distractions of policy 
He said the Bill was more im- 
the realized: it 
should be called the Atomic Energy Bill. 


making. 


portant than publie 


For the Opposition, Mr Callaghan said 
they would not vote against the second 
reading, but the Bill had certain weak- 
nesses would raise in the 


which they 


Committee stage, 

Mr Jones said he had originally intended 
to make April 5, 1958 the starting date 
for the new Act, but the matter was now 
so urgent that he was considering bring- 
ing it forward to Jan 1, 1958. 


Atomic navies—Nato supremo 
Nearly all new ships now being designed 
for the United States 


on nuclear propulsion units, according 


Navy are based 





to Admiral Jerauld S. Wright, Supreme 
Allied Commander, Atlantic, speaking at 
a London press conference on Dec 11. 
The Supremo said the Nautilus had been 
entirely successful as a submarine but 
it had many defects which would have 
to be cleared up in future designs. So 
far, it had not been possible to share 
submarine experience with Britain but 
Admiral Wright hoped that the US legis- 
lation would soon be amended to make 
this possible. 


According to the 1957 edition of Jane’s 
Fighting Ships, in addition to Nautilus 
and Sea Wolf, the US Navy has 13 atomic 
submarines on the stocks or on erder: 
in ten years the total might be 75 vessels. 
The first US 
ship—a_ guided-missile 


nuclear-powered surface 


cruiser—is now 


under construction. 


Calder A no 2 critical 


The second reactor at Calder Hall went 
divergent early last month and loading 
continued to bring the mass up to meet 
the rated power output (130 tons). In a 
few days the process will be complete 
and all four turboalternators will be on 


70MW 


grid. 


the bars, producing 92MW gross, 
of which will be available to the 


Firms briefed on new reactors 


Britain’s plans for advanced reactors 
were explained to 200 delegates repre- 
senting over a hundred British firms and 
* confiden- 
tial” briefing held at Harwell on Nov 30. 


The press was rigidly excluded, although 


electricity undertakings at a 


the firms had an ‘open invitation” A 
statement issued afterwards gave some 
idea of the areas of discussion but no 
details are officially available. 

Harwell Director Sir John Cockeroft 
opened the proceedings and told the 
delegates that in the first stage of the 
programme—the gas-cooled reactors—the 


main aim was now to slash the capital 
cost per kW 


ratings and hence efficiencies. 


installed by boosting heat 
This will 
be done by improved fuel elements able 
to stand higher temperatures. The objects 
of the second stage of the programme 

the liquid cooled reactors—is to cut the 
capital cost even more. Initial fuel charge 
would be enriched with Pu and when the 
cycle was established it ought to be pos- 
sible for the reactor to recycle its own 
Pu. Risley research chief L. Rotherham 
read a paper on the SGR. He said a great 
deal of still 


needed on elements, on the heat transfer 


development) work was 
system and on protecting the graphite 
from the sodium, The 
tions that the PWR is 
tion but whether it was discussed at this 


statement men- 


under considera- 


session or not is not known. 








































































VHT (very high temperature) gas-cooled 
reactors for temperatures of 700-800°C 
were dealt with by Dr Peter Fortescue 
who has made a special study of these. 
He visualized an almost homogeneous 
type of fuel element in which fuel and 
moderator are closely packed together 
‘In this 
way the heat transfer problem is elimin- 
ated” (sic). 


possibly in ceramic elements. 


A 100MW homogeneous aqueous reactor 
was described by R. Hurst but what he 
said is not on record. Mr J. Smith is re- 
ported to have mentioned that one of 
the most difficult problems of the U-Bi 
LMFR is the development of an imper- 


meable moderator. Beryllium was men- 
tioned. 

Britain is further ahead on Stage ‘3 
reactors than Stage 2. The Dounreay 


plant was described by H. Cartwright 
and although it is due critical first half 
of 1958, it is only the start of an exten- 
sive research and 


development _ pro- 


gramme, 


For ship propulsion, the organic moder- 
10-30MW 
This was dealt 
with by H. W. Bowker and he is reported 


ated reactor for outputs of 


power looks * promising.’ 


to have claimed that its principal advan- 
tages over the PWR, were its low pres- 
sure and high operating temperature. The 
corrosion problems of the OMR should 
be ‘less severe than in other liquid 
systems and the rate of deterioration of 
possible organic liquids under irradiation 
is not sufficiently fast to make the system 


uneconomic.” 


Six-week school for industry 

\ special 6-week course in basic nuclear 
energy for those in industry who do not 
require the standard reached in the 14- 
week Reactor School course is to be held 
at Harwell June 3 to July 12. 
Besides covering the basic principles of 


from 


physics and engineering of reactors, lec- 
tures will include metallurgy, shielding 
and health physies. In addition, emphasis 
will be laid on special topics such as 
and the use of 


reactor instrumentation 


isotopes in industry. 


The course is expected to appeal to 
firms interested particularly in reactor 
ancillary equipment. About 60 places 


will be available and the demand is ex- 
Further details: 


AERE, Harwell, Berks. 


pected to be heavy. 


Reactor School, 


Ten years’ work at Dounreay 


The Dounreay fast breeder reactor will 
take 


fore any decisions can be offered, accord- 


ten years of continuous work be- 


ing to Works General Manager Maj-Gen 
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S. W. Joslin, addressing Aberdeen Rotary 
Club last month. The 
pletion of the task 
whether this type was the reactor of the 


successful com- 


would determine 
future and would help to settle future 
policy. 


Joslin said an_ increasing 
amount of work would result for Scot- 
tish firms, and Aberdeen would also pro- 
vide advanced educational facilities for 
Dounreay workers at Robert 
He indicated that there would 


be an ‘open day’ at Dounreay this year. 


General 


Gordon’s 
College. 


Ulster must have A-power—chandos 


Since all her coal has to be imported, 
nuclear power has special attractions for 
Northern Ireland and the establishment 
of a nuclear power station there is of 
the greatest importance to its future 
This is one of the findings of 
Northern 


Council's 


economy. 
the report of the Ireland 
Development report to the 


Prime Minister, Lord Brookeborough, 
Council 
that 


although there was a problem in assur- 


which was presented recently. 


chairman Lord Chandos reported 


ing full use of a base-load station of 


even the minimum practicable size, a 


timetable for establish- 
taken 


decision on the 


ing the station should be and 


announced. 





INTERNATIONAL 
Secrecy wraps lifted 


Much more information of direct use to 


the peaceful applications of atomic 


energy is to be made generally available 
under a revised tripartite declassification 
guide issued last month simultaneously 


London and = Ottawa. 

AEC Chairman 
‘relates to all 
power, from 


of fuel 


operation 


in Washington, 
According to Strauss, 
this 


nuclear 


release phases of 


ore recovery and 


fabrication elements to the de- 


sign and of plants for the 
chemical recycling of spent fuel elements 
In the US, this 


would mean that access permits will not 


from civilian reactors.’ 


now be needed for information on the 
PWR _ Shippingport, the SRE at 
Susana and HRE2 at Oak Ridge. 


Santa 


In Britain, the last remaining vestiges 
of secrecy at Calder Hall are to go, and 
information will be freely available on 
fuel element fabrication and reprocessing. 


mining statistics from 


that 
and the 


new declaration also means 
Canada 
United States will also be published. The 
position of South Africa and Australia in 


this respect is not at present clear but it 





is possible that they too may conform 
to this new policy. 
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285m tons U-ore proven 
First fruits of the 
let-up agreed jointly by the US, UK and 
Canada was the publication last month 


new declassification 


of uranium mining figures. Proven ores 
reserves in Canada is now 225 million 
60 million tons in the US. In the 
Dominion, current production of oxides 
is 3,400 tons a year while the corres- 
ponding US figure is 8,000 tons. 


tons 


Twelve uranium mills are now operating 
United States: 
privately-owned. Ore production 
3,760,000 in the first 18 months. 


in the eleven of them, 


was 





CANADA 
NPD turbine to be single stage 


Further details are now available of the 
20MW steam turboalternator for Atomic 
Energy NPD reactor. As 
reported (NP Oct p 237) the contract for 


of Canada’s 


this set has gone to Metropolitan- Vickers 
and the complete station is due for oper- 
ating by July 1959. 
ated steam at 400 Ilb/in’, the turbine will 


Fed with dry satur- 


be a single-cylinder machine with three- 
stage feed heating to 300°F and condenser 
vacuum 28°5in. Steam is taken by group 
admission from the steam chest, which 
is integral with the top half of the tur- 
bine casing at the h.p. end. At an inter- 
mediate point in the expansion, the whole 
of the steam is taken out and passed 
through a separator which removes most 
of the water content. It is then returned 
to the turbine and expanded in the nor- 
mal way through the remaining stages 
to the condenser. The provision of special 
stage drainage ensures that exhaust wet- 
ness is no greater than normal and that 
the low-pressure blading is not subjected 
The 


machined from a monobloe forging of 


to abnormal’ wetness. rotor is 
alloy steel and is carried in two journal 
bearings, that at the h.p. end being com- 
bined with a Michell thrust-bearing. All 
moving blading is of stainless steel. The 
generator is air-cooled and operates at a 
power factor of 0°85, generating 13°8k\ 
3-ph 60¢/s 3600rev/min. 


The output will be stepped up to 230k\V 
for supply to Ontario Hydro-Electric 


Power Commission’s grid. 





PACIFIC 
$20m for Asian Centre 


The Philippines 
May 1956) 
United States, 


Nuclear Centre (NP 
is to receive $20m from the 
Giving this news in Wel- 
Zealand, on December 6, 
US Assistant Secretary of State Walter S. 


lington, New 


Robertson told the Colombo Plan’s Con- 
sultative Committee that the US is also 
lend the Centre leading 
scientists until the Colombo nations have 
enough experienced personnel to man it. 


prepared to 


For the record: the Philippines centre 
proposed at the Colombo Plan 
meeting in Singapore in October 1955. 
After a favourable response from Asian 
nations, the US sent a 10-man team to 
Asia for three months to discuss the pro- 
ject with Asian scientists and officials. 
The report, which Mr Robertson was pre- 
senting, found that the centre could con- 
tribute significantly to the scientific and 
technological development of the region. 


was 





ITALY 
Vitro for test reactor 


The contract for engineering services on 
the CP5 type reactor being built for the 
Comitato per le Ricerche Nucleari near 
Milan has gone to the Vitro Corporation 
of New York. Vitro’s engineering divi- 
sion general manager Richard A. North 
announcing this in New York last month 
added that Robert W. Kupp, George E. 
Parker and Frank W. Corio would repre- 
sent Vitro at discussions in Italy with 
CRN. 

The actual reactor is 
in the hands of the ACF Industries Inc. 


contract for the 





UNITED STATES 
AEC reactor bill doubled 


In the year ended June 30, 1956, the 
Atomic Energy Commission spent $177m 
on reactor development—almost double 
that in the previous year. However, of 
the total outlay of $1,600m, about $1,000m 
went on weapon materials and develop- 
ments. These figures were disclosed in 
the AEC’s semiannual report, published 
in Washington last month. Of the reactor 
development amount, $50m went on air- 
eraft reactors which brings the total US 
investments in nuclear aireraft research 
1950 to $138m. 


of nuclear 


since Income from sales 


materials and heavy water 
jumped from $6m to $15m in the year 
under review. 

Meanwhile, far-reaching nuclear power 
programmes are being forecast in 
Washington although firm details are not 
until the 85th 


venes later this month. Speaking to the 


expected Congress con- 
American Nuclear Society on Dee 11, 
AEC 


recommend the adoption of a new 8- 


chairman Strauss said he would 
point programme ‘to assure the construc- 
tion of at least two additional large-scale 


and three additional small-scale power 





reactors, all for civil use. These would 
be of ‘entirely new type and design’ and 
might be prototypes of concepts already 


included in the AEC programme. 


Solid homogeneous reactor 


Plans were announced recently fer a new 
research reactor to be built at the John 
Jay Hopkins and 


Applied Science on Torrey Pines Mesa, 


Laboratory of Pure 


San Diego, Cal. This new laboratory is 
for the General Atomic division of the 
General Dynamics Corporation and in a 
Nov 1, GA’s 

Hoffmann 


would have a 


statement on general 
stated 


solid homo- 


manager Frederic de 
the reactor 
geneous core with fuel and moderator 
mixed in such a way that a large prompt 
negative temperature coefficient would 
be built in, thus ensuring intrinsic safety 
of operation without reliance on elabor- 
ate electronic safety devices. Construction 
of the full-scale reactor will be preceded 
by a critical assembly and a low-power 


model. 


The laboratory will be built on a 300- 
acre site and the first experimental build- 
ings to house the critical assembly and 
low power reactor are due for completion 
this summer. 


On Nov 18 it was announced by GA that 
the AEC had awarded them a feasibility 


study contract for a VHT closed-circuit 
gas turbine system for an oil tanker. In 
this work they helped by 
Electric Boat—the GD division that built 
the Nautilus and Sea Wolf. Electric Boat 
have 


would be 


at present three more submarines 


on the stocks. 


Now UNATOM—cpb chief’s plan 


\ proposal for a new international atomic 


organization designed to sidestep the 
Atomic 
Energy Agency by excluding the Soviet 
bloc was proposed recently by General 
Dynamics chairman and president, John 
Jay Hopkins. Addressing the third inter- 


national 


United Nations International 


conference of the National 
of Manufacturers in New 
York on Nov 29, Mr Hopkins said the 
United Atomic 
UNATOM based on 
the 15 NATO powers but could be ex- 
tended to countries that 
* The free 
Dynamics’ 
chief, ‘must take immediate and radical 


Association 
Treaty Organization 
should be firmly 
include other 
were free of Soviet influence. 
world, went on General 
steps toward becoming independent of 


Middle East oil. 


Three benefits of atomic energy 


Atomic energy is nothing new—man 


owes his food, warmth, shelter and even 


life itself to the proximity of the im- 
mense perpetual nuclear reactor we call 
This was the 
Dr R. A. Silow, who is heading a Food 
effort to 
information on 


the sun. declaration of 


and Agriculture Organization 
collect and disseminate 
atomic energy in relation to agriculture, 
when he addressed a group of US food 
editors recently. Dr Silow went on, ‘it 
is man’s developing ability to control 
and direct it that is new—a control that, 
like many new acquisitions, is still im- 
both and 


perfect, technologically 


morally. 

FAO 
First, 
areas from nuclear-produced electricity. 


Dr Silow said 


three 


were considering 


aspects. benefits to rural 
This was likely to be least important in 
the immediate future but eventually it 
would lower production costs and raise 
Next, 
preserving foodstuffs by 
ionizing radiations (see this NP, p &). 


living standards. there was the 


possibility of 


Radiation might also be used to produce 
beneficial gene mutatians in plants and 
even in livestock. The third benefit of 
atomic energy was the use of isotopes in 
agriculture for studying basic biological 
processes of all kinds. 


Last month FAO organized a meeting in 
Holland of a newly constituted European 
Contact Group on the uses of Radiation 
and Isotopes in Agricultural Research. 





LETTERS 


Sir, 


In your December issue you quote 
the unorthodox views of Dr R. L. Car- 
roll who believes that Einstein was wrong 
in asserting that we cannot travel faster 
than light. I am sure that the 
whelming majority of phycisists will, on 
the contrary, take the view that it is Dr 
Carroll who is wrong. 


over- 


Einstein's theory of relativity gives 
mathematical expression to an idea which 
had been generally accepted for nearly 
four centuries, namely, that the earth is 
not the centre of the universe and that 
the laws of physics are the same every- 
where. This means, anjong other things, 
that if Maxwell's theory of electromag- 
netism is true on earth, it is true in the 
farthest outer Now, 
Maxwell’s theory shows that electromag- 
netic fields (which include visible light) 
cannot be propagated with a_ velocity 
greater than c, the velocity of light in a 
vacuum. If an electron, or any other 
charged particle, were given a velocity 
in excess of c, it would arrive at its des- 
tination before its own electric field, 
which is absurd. And since all matter is 
made up of charged particles, it is equally 
absurd to imagine rockets or any other 
devices travelling with velocities greater 
than c. If Dr Carroll wants to prove that 
Einstein was wrong, he must also expose 


corner of space, 


the errors in the work of Maxwell, and 
hence in the works of Faraday, Ampére, 
Volta, Gilbert and the other pioneers. 
According to Dr Carroll, 
apart from inpugning the results of the 
physicists, also strikes out at the physi- 
cal chemists. In suggesting that there 
can be temperatures colder than absolute 
zero, he questions the edifice of thermo- 
dynamics built up by Boyle, Charles, 
Carnot, Gibb, Maxwell, and Boltzmann, 
to name only a few. 


your report, 


The problem of negative absolute tem- 
perature has 
by Professor 


been considered recently 
Ramsey’. In his paper 
Ramsey shows that in certain very strict 
conditions one or two substances can be 
brought into a state which, in a purely 
mathematical way, is described by a nega- 
tive absolute temperature. But, unfor- 
tunately for Dr Carroll, it is shown by 
Ramsey that bodies in states are 
‘hotter’ than bodies at normal positive 
temperatures, in that heat will always 
flow from a negative to a positive tem- 
perature. The crux of the matter, as 
Ramsey demonstrates, is that the tem- 
perature scale we use is not very appro- 
priate to the phenomena it measures. If 
temperature scales had developed logi- 
cally from thermodynamics, instead of 
empirically from the experiments of 


these 


Celsius, what we 
call absolute would have’ been 
called minus infinity. And presumably 
not even Dr Carroll would have claimed 
it possible to go lower than that. 


Fahrenheit and now 


zero 


Yours ete, Dennis Rosen 


78 Twyford Avenue 
London N2 
10 Dee 1956 


N. F. Ramsey: Thermodynamics and Statistical 
Mechanics at Negative Absolute Temperatures. 
Phys Rev, 1956, 103, 20 


Sir, Your magnificent colour photo- 
graph of Calder Hall (November, facing 
p 274) certainly gives a wonderful im- 
pression of the plant, but was it really 
necessary to have two men to push one 
barrow? Everyone to whom I have shown 
the photograph has asked this question. 
Are the fuel elements exceedingly heavy? 
In spite of this perhaps unjustified 
criticism, I still think it is a remarkably 
good picture and one that will become a 
treasured possession in the years to 
come. 


Yours ete, George A. Firkins 
Firtop Works 
Bromsgrove Worcs. 
10 Dee 1956 


[The picture was taken by the UKAEA—Ed.] 
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nucleonics & electronics 


Type N535 
HIGH-RESISTANCE MEASURING SET 


THIS INSTRUMENT has been designed in conjunction 
with the Atomic Energy Research Establishment 
for the measurement of the high values of resistance 
and insulation encountered in nucleonic equipment. 
The principle of operation is the recording of the 
time taken to charge a known capacitor to a known 
voltage through the resistance to be measured. The 
time is measured by an electrically operated stop- 
watch which is directly calibrated in terms of 
resistance. The range of resistance which may be 
measured extends from 10® to 1014 ohms. In addi- 
tion two ranges are provided for direct instan- 
taneous comparison of resistors within the same 
resistance range. 

All circuit components directly associated with the 
measuring points are mounted in a sealed and 
desiccated chamber and care has been taken to 
reduce leakage to a minimum. 

The instrument incorporates a built-in screened 
compartment in which measurements are normally 
made, but ‘in situ’ measurements in external appar- 
atus can be made if required. Special connectors are 
provided for this purpose. 

The instrument is ruggedly constructed and suitable 
for operation under any climatic conditions. It 
meets the Inter-service specification for analytical 
test equipment and has passed K114E specification 
tests. 


sales, installation EKCO 


and service 


ELECTRONICS 


information sheet 


specification 

RANGES. For direct resistance measurements six decade 

ranges are provided, each with three test voltages enabling 

the following range of resistance to be measured in a test 
time of one minute. 
Test Voltage Resistance Range 
1 volt 107 to 1022 ohms 
10 volts 108 to 1023 ohms 
100 volts 10° to 1014 ohms 

In addition, resistances may be compared against each other 

or against a known standard up to a maximum difference 

of 200 to 1. 

ACCURACY AND STABILITY. The normal working 

accuracy is +5 per cent but by careful setting of the controls 

this may be improved to +-2 per cent. 

Mains input variations of +10 per cent will affect the 

accuracy of measurement by less than 1 per cent. 

MAINS INPUT 
110-120 volts) } 
220-250 volts) f 

CONSTRUCTION 
Standard rack-mounting panel, size 19 in. x 104 in. 
(48 x 27 cm.). Depth behind panel 94 in. (24 cm.). 
Weight 40 Ib. (18 kg.). 

Can be supplied, if required, in Instrument Case 
Type N524 10, as illustrated. 


40-60 c/s. Power consumption 50 watts. 


LTD 


Ekco Works, Southend-on-Sea. Essex. Telephone: Southend 49491 
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Interest in processing foodstuffs by exposure to ionizing radiation has been stimulated 
by the news from the United States that the Department of Defense is setting up 

a centre at Stockton, Cal. where a $3m nuclear reactor will be used to 

provide an intense source for feasibility studies in the large scale treatment of food. 
Here is a British view on some of the problems that still have to be solved. It 

is by Dr R. S. HANNAN and Dr B. COLEBY of the Food Investigation Organization 

of the Department of Scientific and Industrial Research at the University of Cambridge 


The food scientist looks at radiation 


THE NUCLEAR ENGINEER, with a 
economy, must have in mind the utilization of his 
by-products, and has doubtless been interested in 


view to 


reports that radioactive fission products might be 
He have 
been aware of the speculative nature of many of these 
reports and it is therefore our aim in this article 
to give a factual survey of the present position as we 


used for food processing. may, however, 


see it. 

The first point to note is that the quantities of 
radiation potentially available in Britain are very 
large. It has been caleulated, for example, that by 
1965 our nuclear power programme will be produc- 
ing fission products equivalent to a steady source 
of 1000 megacuries. If this source of radiation could 
with 1%, efficiency, it would permit the 
* pasteurization’ of something like 2,000,000 tons of 
meat a 


be used 
year—approximately our total annual con- 
sumption, 

Added to this are the potentialities for using elec- 
tron generators. Thus a 30kW under 
construction in Britain, could pasteurize 1000 tons 
With 


250 working days per year this would amount io 


generator now 
of meat during a sixteen hour working day. 


almost an eighth of the annual volume of imported 
meat. And this is with only one generator, which 
stands idle for half of the year for maintenance, 
holidays, ete. 

One or other of the radiations would, moreover, 
be able to penetrate many types of food product and 
the question at issue therefore, is whether the Food 
industry will wish to make use of them. Many com- 
plex factors must be taken into account in seeking 
the answer. 


Some facts about food and its ‘ acceptability ’ 

Most of us are aware, if only subconsciously, of our 
need for a nutritious diet and adjust our eating 
accordingly. Our final choice of individual food items 
is however, usually dominated by other factors, such 
as cost, convenience and individual * likes’ 
likes.” national, 
regional or even family tradition: some on religious 
or ethical grounds : 


and * dis- 


Some preferences are based on 
some because of acquired tastes : 
some because of psychological associations. And under- 
lying this is the individual pattern of sensory per- 


ception of the various components of a complex 


flavour or odour. It is consequently an extremely 
difficult matter to assess the * acceptability” of any 
given food or even to know precisely what we mean 
by the term. We cannot, for example, reject a new 
process simply because it changes the character of 
a natural food—otherwise we should never have had 
bacon, canned peaches, or even cooked foods. 

A common experimental approach to such prob- 
lems is to rely initially upon an assessment by a small 
trained taste panel of experts as seen in Fig 1. For 
a confirmatory view on the opinion of the * average 
man’ it is also usual to carry out * consumer accept- 
trials” in which samples are submitted to a 
large group of inexperienced observers chosen at ran- 
dom. 


ance 


Many of the views quoted later are based on 
tests such as these. 


Existing methods of food processing 

Much of our present interest is in food preservation. 
The importance of this art has been recognized since 
antiquity, and the ancient methods are still in com- 
mon We now have available a sophisticated 
array of processes, including freezing, cool storage. 
canning, smoking, drying, salting, pickling, ete., but 
the 
preservation of food in a raw or lightly cooked state. 
Thus, although cool storage (e.g. in a household 
refrigerator) is simple and effective, it is limited, with 
many products, to a storage life of a few days. There 
is therefore a definite need for new or improved pro- 


use 


even this list has deficiencies, particularly in 


cesses. 


Approximate doses of ionizing radiations required 
for effective inactivation of various forms of life 


dose (rads*) 





man and higher animals up to 1,000 
sprouting tissues of plant products (e.g. potatoes) 10,000 
insects and their eggs. or helminthic parasites 50,000 
non spore forming bacteria 500,000 
yeast and moulds 1,000,000 
spore forming bacteriat 2,000,000 

or more 


* The rad is a unit of ionizing radiation which corresponds to 
an energy absorption of 100 ergs/gramme of material. We 
prefer this for general purpose use. Other units in common 
usage are the roentgen and rep which are of similar magnitude. 
+A spore is a resting state, formed by some bacteria, and is 
characteristically resistant to inactivation. 
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A panel of four workers 
examining samples of irradiated 
meat. Many laboratories have a 
special room for this purpose, with 
special lighting and separate 
booths for each individual 


preservation 


What can radiation contribute ? 
Most of the serious forms of food spoilage are bio- 
logical in their origin. Micro-organisms (bacteria. 
yeasts and moulds) may cause the food to rot or 
decay, while predatory insects may use it as their 
own food. Radiation is exceptionally effective in 
controlling such organisms. Principally it does this 
by disorganizing their reproductive cycles, so that. 
after at most a very few generations, a heavily irradi- 
ated population becomes extinet, assuming of course. 
that reinfection is prevented by enclosing the food in 
a suitable container. 

The relative sensitivities of various types of organ- 
isms are indicated in the table. These figures are 
representative only; considerable variation may occur 
between different members of the groups indicated. 
Thus, for example, Pseudomonads, non-spore-forming 
bacteria which are important in meat spoilage, are 
eliminated by 10° rads. Other non-spore-forming bae- 
teria in meat, however. have recently been shown to 
survive a dose of 6 =< 10° rads. The sensitivity of 
organisms also depends, to some extent, upon the 
environmental conditions during and after irradia- 
tion; for example, removal of oxygen or freezing 
will generally afford partial protection to the organ- 
ism. 

It will be noted that insects and certain parasitic 
worms can readily be eliminated. Here again it is 
the reproductive cycle which is broken, adult insects 
or worms often surviving irradiation for some time. 

Sprouting tissues of plant products, such as potatoes 
and onions, are even more sensitive and the loss of 
quality which accompanies sprout growth can thus 
be controlled. 

These effects of the radiation are the more advan- 
tageous since even a sterilizing dose raises the tem- 
perature of the food by only a few degrees. Appli- 
cations to raw products are therefore feasible. 


Application of radiation to food processing 
Some of the practical applications which have been 
suggested are summarized in Fig 2 (overleaf). Re- 
sults with individual foods will be discussed later. 
The scope is so wide that one may reasonably ask 
why radiation has not yet found use in the food 
industry. The reply is that irradiation produces 
other effects, particularly chemical effects, which can 
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LES RADIATIONS IONISANTES | seront dis- 
ponibles en grandes quantités comme produits sécondaires 
des stations électriques nucléaires ou venant directmente 
des générateurs @électrons, Une des applications de ces 
radiations est pour la conservation et traitement des 
produits alimentaires; on a attribué beaucoup davan- 
tages aus proces de cette sorte. On eramine ces possi- 
bilités duo point de vue Mun spécialiste en produits 
alimentaires. On envisage les applications spécifiques 
ainsi que les problémes qui s'y posent, et Von conclut que 
la pluparten west pas encore applicable dans Vindustrie. 
Dans quelques cas les indications ne sont pas encourage- 
antes, dans @autres elles paraissent de promettre bien. 


IONISIERENDE STRAHLUNGEN werden dem- 
ndchst in grossen Mengen zur Verfiigung stehen, sowohl 
als Nebenprodulte der Kern-Kraftzentralen als auch 
unmittelbar von den Elektronengeneratoren. Einer der 
moglichen Verwendungszirecke dieser Strahlungen ist 
fiir Nonservierung und Verarbeitung von Nahrungs 
mitteln: man hat dieshbeziiglich recht viele optimistische 
Anspriiche gedussert. Man untersucht diese Mdglich- 
keiten vom Standpunkt eines Nahrungsmittelforschers. 
Die einzelnen Verwendungsmdéglichkeiten sowie die 
damit verkniipften Probleme werden betrachtet; man 
schliesst, dass sie bislang grésstenteils nicht realisiert 
werden kdnnen. In manchen Fallen sind die Angaben 
entmutigend, in anderen dagegen ist berechtigt gute 
Resultate zu erhoffen. 


LAS RADIACIONES IONIZADORAS estardn dis- 
ponibles en cantidad como subproducto del programa de 
energia nuclear, asi como de los generadores de electrones. 
Una de sus posibles aplicaciones es para la preservacion 
y elaboracion de alimentos, y a este respecto se han hecho 
declaraciones  optimistas. Estas posibilidades — son 
eraminadas bajo el punto de vista de un cientifico 
especializado en alimentos. Se estudian aplicaciones 
especificas y los problemas que surgen a consecuencia de 
ellas, y se llega a la conclusion de que la mayoria no son 
todavia factibles comercialmente. En algunos casos los 
indicios no son alentadores pero en otros parece que 
ofrecen promesas. 


HMOHUBHPNIOMNE  BILUbI usayyenua = 6ydym 
Jocmynhdt @ GolowUux KOAUYeECMeaX B BUde NOGOUHDIX 
NpoOYRMOE AVeEPpHOX CUMOBDIX BAeEKRMpocmaHnuyUt, UU 
ce HEenocpeOcmé6eHHO UZ ILERMPOHHIX 2eHepamopos. 
OOHUM UZ BOZMONCHEIX NpuMeHeHutL amuxX uslyyenull 
ABAREMCA NPuMEeHEeHUe K KOHCeEpseUposaHuw uU O6pabomne 
nuwmessix npodyrmoe; memodam ymoe0 poda npu- 


nucoieawmesa MHO2ue U KpYynnoe aggermon. Amu 
803MOHCHOCMU paccMampusea~oMcAa C MOURKU BpeHUA 
nuwmeseda. Paccmampusarmcea omdedbHnie  ésUddl 


nNpuMeHeHUA U CeAZAHHoIE C HUMU NpObAeMB; Jerzaemca 
sarkatouenue, umo GorwuUUHCMBEO Memod0s NOKA HenpuU- 
MeHUMO @ NpOMbLULeEHHOCMU, B HEeKOMOpKIX CAYYAAX 
YKAZQHUA OMpPUYAWM BO3sMOHCHOCM NpPUMEHEHUR; 6 
Opyeux onu nodaiwm Hadexcdn. 
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Fig 2 A summary of typical irradiation processes 


cause deleterious changes in the food quality. Little 
is yet known about the details of these chemical 
effects, but we do know that only a small part of the 
food is chemically changed, amounting to a small part 
of one per cent by weight for a sterilizing dose of 2 
10° rads. The various chemical components of foods 
vary in their sensitivity to radiation, however, and 
there is evidence that energy absorbed by one mole- 
cule may be transferred to another, which then under- 
goes chemical change. In this way, some of the minor 
constituents of foods may be selectively destroyed. 
New compounds will also be introduced in small 
amount and if these, for example, have a strong 
odour or flavour, they will produce immediately ob- 
vious change in a bland foodstuff. 

This introduction of new compounds is also impor- 
tant from another point of view: one must be satis- 
fied that they have no adverse effect on the health 
of the consumer. Feeding tests on experimental ani- 
mals have been performed in the USA on a large 
scale and more limited tests have been carried out 
on human volunteers, all without evidence of the 
presence of harmful compounds. But final evidence 
is far from available. One must of course convince 
not only the medical authorities but also the con- 
sumer, who could be expected to approach irradiated 
food with considerable reserve, and the scale and com- 
plexity of further tests required should therefore not 
be underestimated. 


Irradiation of meat 
Meat products command an important place in our 
national dietary: they are relatively costly, and they 
are highly perishable. There is therefore great inter- 
est in methods of preserving them. Radiation offers 
the advantage of sterilizing without cooking and the 
resulting raw products can then be stored at room 
temperature without microbial spoilage. 


A typical 
example is shown in Fig 3. 


Chemical change at the 
sterilizing dose level is, however, far from inconsider- 


3 sterilization: inactivation of all bacteria 


able. The most obvious effects are the develop- 
ment of characteristic ‘irradiation’ odours and 
flavours. Recent work from the USA has shown 
that the volatile compounds from irradiated 
meats contain appreciable amounts of aldehydes, 
hydrogen sulphide and other volatile sulphur 
compounds, a combination which is likely to be 
considered pleasant by few individuals. These 
odours and flavours are strongest in beef, and 
least in liver and similar organ meats. Pork is 
one of the better muscle meats and has been the 
subject of the more optimistic comments. 
Chicken meat has also been favourably reported 
on by some workers. 

A point to note, however, is that there is 
apparent disagreement between individual 
workers regarding the ‘ acceptability’ of these 
various products. Some of this may be accounted 
for by national preference, and some by the use 
of different experimental techniques. 
also, may be attributed to observation 

of different properties. Many published statements 
refer only to the flavour of cooked irradiated food, 
for example, while others include comment on the 
odour of the raw food. For domestic usage, this latter 
factors is important, since irradiated food must smell 
attractive to the housewife both before and after 
cooking. The method of cooking used may also influ- 
ence the result. 

The literature is therefore not particularly helpful 
to the inexperienced worker trying to form a view 
of the commercial possibilities of sterilizing raw meat. 
It is in fact too early to form a final view, but the 
trend of opinion, including our own, appears to be 
that irradiation damage at the necessary dose level 
would be prohibitive for commercial use. All pos- 
sibilities of decreasing the damage have not, however. 
been fully explored. It is, for example, possible to 
effect a big improvement by irradiating the meat in 
the frozen state and by controlling the oxygen con- 
tent: also by adding so-called * free radical acceptors.’ 
Thus ascorbic acid added at a level of 0.5 per cent. 
by weight considerably reduces the odours and 
flavours, and sodium fumarate, nitrite and other re- 
ducing agents behave similarly. Although these pro- 
cedures confer some advantages they have not yet 
produced a completely acceptable solution and the 
prospects of their doing so after ten years’ investiga- 
tion are beginning to lessen. 

With or comminuted meats there are 
greater potentialities for exploring the use of additives 
and with one such product at least we feel that there 
is more promise, namely sausages. 


Some, 


minced 


We have found 
that pork sausages from local suppliers have in some 
eases (but not all) showed little change after receiv- 
ing a dose of 2 megarads. It is far from clear at the 
moment which component or combination of com- 
ponents is responsible for this favourable reaction. 
Sliced bacon also responds quite well, possibly 
owing to the presence of curing salts, particularly 
nitrite, which might function as protective agents. 
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Our results have, however, been appreciably less en- 
couraging than those which appear to have been ob- 
tained in the USA. One factor which may be in- 
volved is that typical American and British bacons 
are themselves dissimilar. 

If then, we have so many reservations about the 
use of sterilizing doses what are the prospects for 
using smaller doses: for * pasteurization ’ for example. 
This certainly offers more promise. A dose of even 
1.0 to 2.5 = 10° rads reduces the microbial content 





Fig 3 A typical pork chop which was treated 
with 3 x 10° rads seven weeks ago, and 
has since been stored at room temperature. 
No signs of microbial spoilage are evident, 
but the lean portions of the chop are 
turning brown through the passage of 
atmospheric oxygen through packaging 
material, Slight dark markings on the fat 
are due only to shadows from the packaging 


of meats sufficiently to permit extended storage at 
refrigerator temperatures—an increase in storage life 
by a factor of about five has usually been observed. 
Further work is necessary to decide whether such 
doses can be generally given without at least irradia- 
tion odours being developed. 

Another avenue of research is to explore the pos- 
sibilities of combining irradiation with other forms 
of processing, such as the application of antibiotics 
or heat treatment. The latter not only destroys micro- 
organisms but also inactivates enzymes, which may 
cause the food to deteriorate on standing. Much cur- 
rent research is concerned with such possibilities and 
some is meeting with qualified success. 


Irradiation of fruits and vegetables 

The characteristic form of radiation damage with 
plant products at the sterilizing dose level is a marked 
softening of texture, while some products undergo 
change of odour, flavour or colour. The effect on 
texture, even at pasteurizing dose levels, may be 
enough to increase the susceptibility to invasion by 
micro-organisms. Moreover economic considerations 
alone are more limiting for the low-cost fruit and 
vegetables than for meat products, and the field has 
therefore received correspondingly less attention. 
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Treatment of potatoes to prevent sprouting can be 
effected at a dose where effects on texture and econo- 
mic limitations are much less, and this potential ap- 
plication has aroused considerable interest. Evidence 
is accumulating, however, to indicate that such a pro- 
cess would be far from trouble-free in operation, even 
if irradiation involved no technical difficulties, and it 
would probably have difficulty in competing with 
other methods. 


Disinfestation by irradiation 

It has already been seen that only low doses of radia- 
tion of about 25,000 rads are required to inactivate 
insects and these could be applied with little, if any, 
effect on quality, to a wide range of foods. Bulk 
storage of an irradiated product without reinfestation 
would be difficult and the greatest potentialities ap- 
pear to be in treating packaged foods. It is impor- 
tant to add that, although the doses required are re- 
latively so low, each individual product needs to be 
examined for irradiation damage before it can be 
assumed to be negligible. 


The contro! of harmful organisms by radiation 
Some of the most positive success for irradiation 
procedures has been in eliminating harmful organ- 
isms from foods rather than attempting to increase 
the storage life. 

Trichinella spiralis a parasitic worm in pork muscle 
has received most attention. This causes the human 
disease Trichinosis if infested pork is eaten in an 
undercooked state. Infectivity can be eliminated with 
a dose of about 25,000 rads, i.e. sufficient only to have 
a slight effect on the odour of the meat, and the 
application of the method would probably be deter- 
mined by considerations of cost, convenience and 
public health. This parasite, although prevalent in 
some other countries, is rarely encountered in Britain, 
but other parasites are important. 

Elimination of Salmonelle in ezg products is a 
parallel procedure, but here the organisms are vege- 
tative bacteria, which require 3 10° rads, or more. 
depending on the conditions. This has little effect 
on the baking properties of the egg and present in- 
dications for commercial use are promising; always 
having in mind, however, the need for the process 
to be approved by the health authorities. 


Treatment of packaging materials 


Any application of radiation directly to food, in fact, 
must be acceptable to medical opinion and commer- 
cial use will be delayed on this account alone. There 
is, however, at least one application in the food in- 
dustry which might be used much sooner: the steri- 
lization of empty packages, particularly those made 
of heat sensitive materials such as paper, cardboard 
or plastic. It is also possible to use somewhat higher 
doses (ca 10 megarads) to modify the physical pro- 
perties of some plastics, particularly polythene which 
becomes more heat resistant. 


Economic considerations 


It can be seen therefore that although most of the 
5 
possible applications of radiation in the food industry 


continued on page 33 








Any nuclear energy programme must ultimately 
depend upon supplies of primary fissionable material 


Uranium ores: their occurrence and treatment 


Dy S. W. F. P It 


FOR MANY YEARS the uses of uranium were limited 
and the demand for its compounds was readily satis- 
fied from the output of by-products resulting from the 
commercial recovery of vanadium and radium. The 
ore deposits from which these metals were obtained 
are still, in some cases, important sources of uranium 
but they were insufficient to meet the large inerease in 
demand arising from atomic energy developments and 
an extensive search for new deposits, involving a 
major geological effort, was started some ten years ago. 

Concurrently with the effort to increase the known 
reserves of ore, extensive research into methods of 
extracting uranium from its ores was initiated. In the 
early stages of the atomic energy programme in the 
USA nearly all the uranium obtained was produced 
by modifications of methods in use for vanadium and 
radium recovery’ and the development of new pro- 
cesses for uranium extraction was of great importance. 

As a result of the efforts of the geologists there have 
been substantial additions to known uranium reserves 
and, as the search is continuing, further additions may 
be expected. That the research on extraction has 
largely fulfilled its object is evidenced by the large 
tonnages of ore now being treated daily throughout 
the world and, as in the case of the Rand gold ores, 
that low-grade resources are able to contribute to the 
When 


it is remembered that the period from location of an 


output in a successful commercial operation. 


ore deposit to the first commercial production of 
concentrate from a mine may be from three to five 
vears it will be appreciated that world supplies of 
uranium are only beginning to reflect the full results 
of the research of the last decade. 


Important minerals and ore types 
The earth’s crust is 
0-0004 per cent 
exceeding that of elements such as gold, silver, the 
platinum metals, antimony and mercury which have 
long been in common use; other elements such as 


estimated to contain about 


uranium, an order of magnitude 


molybdenum and lead (0-0016 per cent) are not very 
much more abundant. 

Uranium does not occur naturally as the metal but 
as compounds, often of complex nature, in a large 
number of species regarded specifically as uranium 
minerals. Uranium is also a replacing element in a 
number of other minerals and in some cases the 
uranium content may be worth exploiting as a by- 
product. 


(a) Important uranium minerals 

Upwards of 200 mineral species have been noted 
which contain uranium, but relatively few are of 
importance as ore constituents and these are listed 
alphabetically in the following table together with 


their composition. In some cases the precise ehemi- 
cal structure is not yet certain and only the general 
constitution is given. 


The more important uraniferous minerals 




















It will be noted that these fall roughly into groups 
comprising the uranium oxides pitehblende-uraninite. 
phosphates of uranium with some other metal, a 
similar vanadate and silicate, a hydrocarbon, oxide 
complexes including titanium and thorium or iron 
With the 
possible exception of uranothorite the last two groups 
are the more refractory to chemical attack. 


and lastly pyrochlore and uranothorite. 


The most important minerals in the economic 
deposits are the oxides, uraninite and pitchblende. 
The state of oxidation of uraninite is variable and its 
composition probably lies between UO. and UO,; as 
in the table, it is now common practice to refer to the 
two minerals together and quote a general formula 
for their composition. Pitchblende, davidite, uraninite 
and other primary minerals usually exhibit alteration 
in some degree to secondary minerals of which the 
phosphate group in the table are examples. 

Some of the physical characteristics of the uranium 
minerals listed are important factors in the choice of 
a treatment method. Many of the secondary minerals, 
such as those included in the table, occur frequently 
in soft pulverulent forms and none have an intrinsic- 
ally high hardness on Moh’s seale. This introduces 
sliming problems in treatment with effects on thick- 
ening, settling and filtration. Structural disruption in 
the course of transformation to the metamict state also 
affects the mechanical strength of these minerals and 
resistance to grinding. In consequence even the min- 
erals of greater intrinsic hardness have sliming ten- 
dencies. 

Pyrochlore merits special mention as it is an exam- 
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ON TROUVE EN NATURE L’°URANIUM dans 
une série des minerais compleres ; les méthodes modernes 
de métallurgie par extraction permettent d’exploiter 
économiquement les minerais de faible teneur. La 
récupération des minéraux associés gagne aussi de 
Vimportance. Le but des techniques extractives est de 
produire un minerai concentré a haute teneur, approprie 
a la production du métal. On divise ces techniques en 
premier liew en méthodes physiques et chimiques ; 
celles-ci donnent jusqu’a présent des résultats meilleurs, 
mais toutes les deur méthodes peuvent bien étre em- 
ployées conjointement, Le traitement chimique consiste 
en lessivage acide ou alealin, ce qui nécessite la récu péra- 
tion de Vuranium des lessives. Ceci se fait par pré- 
cipitation ou échange @ions, quoique Vextraction par 
dissolvant et @autres méthodes sont en train d’étre 
développeées. 


URAN KOMMT IN DER NATUR in einer Reihe 
komplerer Erze vor; moderne Verfahren der Exrtrak- 
tionsmetallurgie haben eine dkonomische Ausbeutung 
sehr armer Erze ermdédglicht. Die Gewinnung der 
begleitenden Mineralien wird ebenfalls immer wichtiger. 
Der Zweck der Extraktionsverfahren ist die Erlangung 
eines hochprozentigen, fiir Metallherstellung geeigneten 
Konzentrats. Diese Verfahren werden zundchst in 
physikalische und chemische Methoden unterteilt, wobei 
die letzgenannten bis jetzt erfolgreicher waren ; doch 
kénnen Methoden beider Arten zusammen zur Verwen- 
dung kommen. Die chemische Bearbeitung besteht 
meistens in saurer oder alkalischer Auslaugung, wobei 
Uran aus den uranhaltigen Laugen gewonnen werden 
muss. Dies wird entweder durch Fdllung oder durch 
Tonenaustausch bewerkstelligt, doch werden auch die 
Lésungsmittelertraktion und andere Verfahren ent- 
wickelt. 


EL URANIO SE HALLA PRESENTE en la 
naturaleza en una serie de complejos minerales y los 
modernos métodos metalirgicos de extraccién han 
posibilitado la explotacion econémica de especies muy 
pobres. La recuperacién de minerales asociados esta 
también adquiriendo importancia,. Las técnicas de extrac- 
cién estan encaminadas a producir un concentrado rico 
adecuado para le produccién del metal. Ellas se dividen 
generalmente en métodos fisicos y quimicos, de los cuales 
el ultimo es el que ha tenido hasta ahora mas éxito, si 
bien ambos pueden usarse en combinacion, El trata- 
miento quimico esta basado en la lixriviacién dcida o 
alealina, Esto exrige recuperar el uranio de los licores 
impreqnados, y se efectia mediante precipitacién o por 
intercambio de jones, pero se esta perfeccionando la 
ertraccion por disolventes y otros métodos, 


VPAH BCTPEYAETCA B ITPHPOAE 60 sHoeux 
CAOMCHOIX PYOAX; coepemMenHnole Memoont saecmpanrmue- 
Hou Mema.tiypeuu COZOEAU BOZBMOHCHOCMb AROHOMHOM 
paspa6omru Gednox pyd. Ilaerevenue conposooxscdoarw- 
mux Wwunepda.toe moosce npuo6pemaem BAMACHOCTIIib 


Tleabiw mexHur UZB.1EUAHUA 4B1AGeEMCA nodyyenue 
BvoICOKON POUeHMHO2O RKOHUeEHMpama, NpuUueodHoed OAS 
noyywenud Mema.ttd mu mexnuru pazsdetdiomesd ¢ 


nepeyw ovepeds Ha Gusuvecnue u XuUMuUNeCcKUe MeMmoUd, 
us KOMOPKLX nNocledHue ABIstiomca JO CUX NOP Gore 
yonewHoMu, xoma vemodn o6oux podoe MORCHO 
npuMensamMob coeMecmHo Vusmuvecnas 06 pabomnra 
COCMOUM 6 RUCTOMHOAM U1 WMeLOUHOM entilelauueadHun 
@ ceazu C omuM HeusGexscHO UseleYeHue YypaHa U 
ypancodveporaiueed Metona., IMO MOMBCHO Npotiseecmu 
numem OcCanCcdeHUs mu WOHHOeO oOMeHA: pa3pa- 
Oampisaiomes Markoice oROEMpAaRUUA pacmeopumMe.leM U 


Jpyeue Memodndi 


750 feet through three levels. This lode was discovered as far back as 1906 


ple of a mineral which is not normally a uranium — in some lower-grade uranium occurrences the recovery 


species but which, in some occurrences, may contain of associated minerals may be essential to the economy 

uranium as a replacement in quantities sufficient to of the operation. 

consider its recovery as a by-product during the extrac- In vein deposits iron, copper, cobalt, lead, silver, 

tion of the niobium. nickel and bismuth minerals are encountered, princi- 
pally as sulphides, the approximate abundance of 


(b) Minerals associated with uranium ores 


these elements decreasing in the order given. 


Occurring in uranium ores are many minerals which, Typical associated minerals include silica in many 
in sufficient quantity, are of economic importance; forms, carbonates, fluorine minerals, carbon, hydro- 
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carbons and iron oxides. Features of some deposits 
are the presence of large amounts of carbonates, such 
as calcite and dolomite, and considerable hematitic 
alteration resulting in the production of earthy forms 
of hematite and other iron oxides. In some uranium 
fields the reddish hematitic alteration is a useful 
marker in prospecting. Slime problems in treatment 
are often augmented by the presence of chlorite, 
sericite and other hydrated silicates and clayey 
minerals. 

Where the primary uranium minerals are davidite 
and brannerite other titanium minerals such as ilmen- 


ite, rutile and anatase are usually present. 


(c) Ore types 

Unlike lead, copper and other metal ores uranium 
minerals do not usually occur in large veins, or as 
deposits containing several per cent of uranium, but 
generally as small narrow veins of rich material or 
disseminated so that much other material has to be 
mined with it. 

Ten years ago two types of deposits would have been 
considered as the most likely sources of commercial 
ore bodies, the hydrothermal vein deposits and those 
of the carnotite type found in extensive areas of the 
United States. 
added considerably to the diversity of ore types and 
one classification’ has listed 24 types based on the host 
rocks, the minerals and the form of the deposit. 

The rocks acting as host for the uranium minerali- 
sation may be igneous, sedimentary or metamorphic 
and include several types within each group. The most 
favourable igneous rocks appear, at present, to be 
felsic intrusives; in the metamorphic group arenace- 


Geological exploration has, however, 


ous metasediments are prominent host rocks. Deposits 
in sedimentaries are of world-wide distribution with 
principal occurrences in sandstones, conglomerates, 
shales and marine phosphates. In some of these sedi- 
mentary occurrences, particularly the phosphates and 
black shales, uranium minerals as such are seldom 
identifiable. In the known phosphate deposits most of 
the uranium probably occurs as a replacement in 
fluorapatite or collophane but some is probably pre- 
sent in the clay minerals and organic matter; the 
uranium in black shales may also be largely located 
in the organic matter. 

Although as mentioned previously, small veins of 
rich mineral are known in some deposits, disseminated 
occurrences appear to be much more prevalent and an 
important factor in the planning of treatment is the 
particle size of the uranium mineral and its associa- 
tion with other minerals. Examples of Canadian occur- 
rences have been quoted® in which pitchblende grains 
smaller than 74 contained inclusions of other min- 
erals and also the contrary case of pitchblende 
included within other minerals. The Radium Hill ore 
in South Australia‘ is another example of intimate 
association in which the uranium mineral davidite 
occurs in every stage of intergrowth and ex-solution 
with the iron-titanium mineral ilmenite and with 
hematite. 

From this brief review of uranium minerals and ore 
types, it will be appreciated that they are no less 
complex and varied than those of other metals. In 


general uranium minerals are probably more variable 
in composition and properties than most other ore 
minerals. 


The recovery of uranium from its ores 

The treatment of a uranium ore will have as its 
object the production of a concentrate, by physical 
or chemical means or a combination of these, which 
will be suitable for use in the factory producing 
uranium metal. Generally, treatment will aim at 
producing as high a grade of concentrate as possible 
consistent with economies but, as with other ores, 
certain impurities in concentrates have to be at a 
minimum and there is a lower limit of grade which is 
unacceptable. The minimum acceptable grade is gen- 
erally 10 per cent U,Ox. 


(a) Physical methods of concentration 

The application of physical methods of concentra- 
tion, widely used for the ores of most metals, has not 
been very successful on uranium ores up to the 
present. 

Only two operations have been described in which 
physical methods are used exclusively at the mine, 
those at Radium Hill, S. Australia’ and a French 
mine". The present lack of success of physical methods 
as an exclusive form of treatment does not preclude 
their use in combination with chemical methods and 
there has been some success in the use of flotation 
to remove minerals which would otherwise consume 
uneconomic amounts of reagents in leaching. There 
are also some advantages to be gained by removing 
high-grade concentrates by physical means at an 
early stage in treatment and an example of this 
has been described for Mindola ore’. Test work 
on a number of Canadian ores* has suggested that 
physical methods, particularly flotation, may have 
possibilities as an economic method for reducing the 
volume of material to be treated chemically. The use 
of conventional physical methods of treatment to pre- 
concentrate ore before leaching may well be the most 
useful application but there will also be others, par- 
ticularly, the removal of ore constituents which would 
interfere with the economy of and contaminate the 
products of chemical treatment, and the recovery of 
other ore constituents of value. 

For some ores in which the uranium is present in a 
mineral requiring more drastic chemical treatment for 
breakdown, the overall economy of the operation will 
necessitate a physical concentration first, as in the 
ease of the davidite occurrence at Radium Hill. 

Physical methods which have been applied most 
often to concentrate uranium include electronic sort- 
ing, heavy media separation, jigging, tabling and 
flotation and a detailed review of their uses has been 
given elsewhere*; in this context it is more relevant 
to outline the main reasons for the limited success 
of these techniques. 

Electronic sorting”: '’, which makes use of the radio- 
active properties of the uranium minerals to reject 
waste on a picking belt, has the usual limitations of 
sorting operations in that application to ore finer than 
1 in. is generally uneconomic. Further the nature of 
the sorting unit demands precise feeding and indi- 
vidual presentation of ore pieces to the sorting device 
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which limits the capacity of the process, and the types 
of ore which can be treated are limited by the require- 
ments of mineral distribution in the ore for effective 
selection on the belt. 

Heavy media separation is generally limited to the 
treatment of sizes above 10 mesh but few uranium 
ores have a mineral association which permits separa- 
tion at such sizes. 

Gravity operations such as jigging and tabling are 
not suited to some of the minerals given in the table 
as their specific gravities are 4-0 or less and the differ- 
ential between this and the specific gravity of the 
gangue is low for efficient separation. Brannerite, 
parsonsite, pyrochlore, uraninite and pitechblende 
have specific gravities of 4:5 or more and carnotite, 
davidite and uranothorite lie between 4-0 and 4-5. In 
these cases the tendency of these minerals to slime 
on grinding causes important amounts to pass into the 
size ranges for which gravity concentration is ineffi- 
cient and it is not possible to produce a tailing low 
enough in uranium content to be discarded without 
other treatment. Further, uranium ores in which the 
particle size and associations of the uranium minerals 
permit the application of gravity methods have not. 
so far, proved to be numerous. 

Flotation would appear to be the type of physical 
treatment most suited to a large majority of uranium 
ores by virtue of its wide use on ores where fine grind- 
ing is essential for liberation or, there is a preponder- 
ance of fine sizes produced in comminution, but up 
to the present the types of circuits and reagents used 
have not been very selective or efficient and although 
considerable research has been carried out and is still 
in progress, no reagents or combinations of reagents 
have yet been found which will give high-grade con- 
centrates with high recoveries. 


(b) Chemical methods of concentration 

At present it is clear that, for most uranium ores, 
only chemical treatment will give the grade of product 
and the recovery required. Chemical treatments are 
based on either an acid or an alkaline leaching step, 
the choice depending on the nature of the associated 
minerals. Where the ore contains much carbonate 
minerals or other acid consumers which cannot be 
removed prior to leaching, an alkaline leaching step 
is preferable. If the ore contains much sulphide, acid 
leaching would be more suitable than alkaline leach- 


ing. 


(i) Leaching 
Following grinding to the size most suited to the 
overall economy, leaching may be carried out in con- 
ventional equipment by percolation or agitation, in 
single or multiple stages and by batch or continuous 
operation. 

In acid leaching, which is more widely used, sul- 
phuric acid solution is the extracting reagent and the 
ore is usually agitated with it for a suitable period, at 
about 60 per cent solids, in the presence of an oxidiz- 
ing agent, commonly manganese dioxide. For most 
cases acid leaching can be conducted at room tem- 
peratures at atmospheric pressures and the agitation 
period seldom exceeds 24 hours. Some minerals such 
as davidite, require elevated temperatures and 
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stronger acid solutions for breakdown. In some cases 
it has been found advantageous to mix the ore with 
concentrated acid into a * pug, allow it to cure for a 
period and then leach with water to extract the 
uranium. 

Alkaline leaching employs solutions containing a 
mixture of sodium carbonate and bicarbonate as the 
extracting medium. Sufficient bicarbonate must always 
be present to control OH” ions formed during the 
carbonate reactions otherwise, with a rise in pH, 
uranium already in solution will be precipitated as 
uranates. Grinding in the carbonate solution is prac- 
tised and an oxidizing agent, such as potassium per- 
manganate may be essential but suitable oxidizing 


Nat. Film Board, Ottawa 


Uranium City, on Lake Athabasca, is the centre of 


Canada’s Beaverlodge mining area. Other centres are at 


Great Bear Lake and Blind River, Ontario 


conditions can be obtained by aeration. Leaching is 
normally carried out at temperatures of 70° to 100°C 
in conventional leaching equipment or autoclaves. In 
general, alkaline leaching has not given extractions 
as good as those obtained with acid, but it has some 
advantages over acid leaching in relation to cost of 
plant and the dissolution of lesser amounts of unde- 
sirable ore constituents. 


(ii) Separation of pregnant liquors 

All the conventional methods of filtration, thicken- 
ing and filtration and counter-current decantation are 
employed for separating and clarifying the pregnan+ 
liquors, but on many ores the problems of thickening 
and filtration of the slimy solids are very great and 
several techniques have been developed for solid- 
liquid separation with the object of reducing or elim- 
inating filtration difficulties. In some cases roasting 
of the ores before leaching improves settling charac- 
teristics but the operation requires careful control as 
it can affect the uranium solubility. New chemical 
flocculants, now available commercially, have also 
proved effective. Another special technique developed 
for uranium ores is the * resin-in-pulp’ method by 
which recovery of the uranium from the pregnant 
solution is performed on pulp which has undergone 
a sand-slime separation”: **. 
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(iii) Recovery of uranium from the pregnant liquors 

The simplest method of recovery is direct chemical 
precipitation employing conventional apparatus. It is 
more commonly used on alkaline leach systems as it 
is less difficult and less costly than on acid systems. 

In alkaline systems the uranium in the clarified 
leach liquor is generally precipitated as sodium diura- 
nate with caustic soda and the barren liquor can be 
regenerated with carbon dioxide and_ recirculated 
after adjustment of the carbonate-bicarbonate ratio. 
Some solution has to be bled-off to prevent the build- 
up of interfering constituents. 

In acid systems the uranium is usually precipitated 
as phosphate after reduction of the uranium to the 
tetravalent state. In come cases direet precipitation by 
an alkali, e.g., magnesia, can be used but the cost is 
high due to the large amounts of reagent required to 
neutralize the acid and, in addition, the barren liquor 


is not generally suitable for reeyeling. 





Port Radium on the Great Bear Lake is only 25 
miles from the Arctic Circle. The proven ore 
body is expected to be worked out by 1959-60 


lon exchange is now widely used for the recovery 
of uranium from acid leach liquors, but this requires 
a clarified pregnant liquor. The resins commonly used 
are of the anion type which are commercially avail- 
able and the applications of these resins have been 
described in detail elsewhere'*. After passage of the 
pregnant liquor through columns, the uranium 
extracted on the resin is eluted by ammonium nitrate- 
nitric acid solutions and then precipitated by 
ammonia or, possibly, magnesia. The advantages of 
this method of recovery are the concentration of the 
uranium content from 0-5 to 1 gm/litre in the leach 
solution to 10-20 gms/litre in the eluate’, its selectivity 
with regard to uranium and the high-grade products 
obtained. 

So far ion exchange has not been used on alkaline 
leach liquors in practice but it is known to be technie- 
ally possible. 


(iv) Other techniques in chemical concentration 
Pressure leaching methods of the type devised for 


base metal ores have been applied both to carbonate 
leaching'* and to the treatment of sulphidie uranium 
ores". 

In the United States progress is being made on the 
use of solvent extraction to recover uranium from 
phosphoric acid solutions’, the extractants being 
organic esters produced by reacting phosphorus pent- 
oxide with aleohols having a chain length of 8 or more 
carbon atoms. The uranium is then stripped from the 
extractant by an acid such as hydrofluoric acid. More 
recently solvent extraction techniques have been 
applied directly to the ore pulps and to ore in the 
absence of a water phase. 

Some ores have proved amenable to leaching by 
solutions containing sulphur dioxide; after aeration 
the uranium is precipitated by iron powder and a 
soluble phosphate’. 

Although sulphuric acid is the most economical 
reagent for acid leaching, nitric acid is technically 
usable but special methods are needed for recovering 
the uranyl nitrate from the solutions'’. 

Several other methods have been tested for recover- 
ing uranium from alkaline leach liquors', but none 
are yet in use. 

They have the main advantage that recyeling of 
reagents is possible and the methods include reduc- 
tion by hydrogen, sodium amalgam or electrolysis. 


World distribution of uranium and future supplies 
Competent geologists. in assessing the results of 
geological exploration over the last 7 or 8 years, be- 
lieve that there is no reason to fear a long-term short- 
age of uranium. 

Uranium occurrences continue to be found and the 
number of countries producing uranium concentrate 
is increasing. At present, Canada, the USA, France. 
Portugal, S. Africa, Belgian Congo, Australia and the 
mid-European area around the borders of Czecho- 
slovakia are established producers. 

In most of these countries reserves are being aug- 
mented by new discoveries and the output is likely 
to increase. In Canada, for example, the additions to 
output may well make her the leading producer in the 
near future with an exportable surplus. 

Primary uranium bearing deposits are distributed 
throughout at least four major geologic features of the 
world, the Western marginal areas of the Canadian 
shield, the European areas of igneous intrusion, the 
Central and Southern African backbone and_ the 
Cordilleran belt of North and South America. These 
areas include large territories not completely explored 
for deposits and many countries which are not yet 
producers. 

Deposits in sedimentary rocks have a world-wide 
distribution. Marine phosphates tested for radio- 
activity have generally been found to contain signifi- 
cant amounts of uranium and it has been reported in 
deposits in Russia, Moroceo, Algeria, Tunisia, Egypt. 
and several of the states of the USA. The uranium- 
bearing shales with low concentrations of uranium 
exist in many parts of the world, e.g., Wales, Sweden, 
Estonia, Russia, Alaska and the USA. 

Present resources are largely contained in low-grade 
deposits but the amount of reserves in high-grade ores 
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is tending to increase. It has been estimated that there 
ire about 1 x 10° tons of uranium in phosphates and 
upwards of 1 x 10° tons in the South African gold 
ores. Swedish estimates of the tonnage of uraniferous 
shales in Sweden has been given as 47,000 million tons. 
In the latter case the economics are difficult due to 
the very low grade in uranium, in the case of phos- 
phates and the Rand ores recovery of the uranium 
can only take place over years as the ores are used for 
fertiliser and gold production. 

There are other untapped reserves in certain gran- 
ites but extraction from these sources will depend on 
the recovery of some other product of economic value. 

In conelusion it can be said that no difficulty is 
anticipated in meeting the demands for uranium for 
atomic energy purposes. It has been said by many 
competent estimators that the energy potentially 
available from ore deposits known to be workable at 
realistic costs exceeds the energy latent in the world’s 
coal and oil deposits. 
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Developments in nucleonic instruments are taking place continuously 


to produce better performance, economy, reliability and a degree 


of automation. 


Dr DENIS TAYLOR, Head of Electronics Division, Harwell, 


and NUCLEAR POWER’s Instrumentation Editor, here discusses recent 


Trends in radioactivity-measuring instruments 


RADIOACTIVITY MEASURING INSTRUMENTS 
are now available in many different forms. In recent 
years new components have become available which 
have allowed in some cases a simplification of the 
instruments; in others. an improved performance. In 
the present paper, these trends in design are discussed. 
particularly from the point of view of the designer 
wanting to give the user instruments with improved 
facilities and performance, but conscious also of the 
need for reasonably fault-free service. 


Counting Systems 
Counting systems are much used for radioactive assay 
and comprise four essentials : 
(i) a particle or radiation detector 

(ii) a pulse amplifier 

(iii) a pulse-amplitude discriminator 

(iv) a sealer or counting-rate meter. 
This is illustrated in Fig 1. 


For routine counting at medium speeds, the Schmitt 
tvpe of pulse-amplitude discriminator, operating over 
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counting -rate 
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Fig 1 Schematic of counting system 


the voltage range of some 5-50 volts has been used 
for many years, and is still satisfactory for many 
applications. Overloading problems in pulse ampli- 
fiers are simplified and economies in valves and other 
components effected if amplitude discrimination can 
take place at a much lower level; this has led to the 
development of a medium speed discriminator with 
a threshold stability of several millivolts and a thres- 
hold sensitivity which can be reduced to 100 milli- 
volts. This circuit which has been described by 
Kandiah' is capable of operation with resolving times 
as low as 0-1 microsee. 

The new type of discriminator is now used in many 
counting systems and allows not only the use of less 











UN SVSTEME de comptage pour les mesures de radio- 
activité contient: (1) un détecteur des particles ou de 
radiation, (2) un amplificateur d’impulsions, (3) un 
discriminateur damplitude d’impulsions, et (4) une 
échelle ou un compteur de la vélocité de comptage. On 
discute l'état actuel et les directions du développement de 
ces instruments. Pour accélérer le travail avec de grands 
nombres d’échantillons, on emploie a présent un dispositif 
automatique; un systéeme typique anglais est ilustré. On 
décrit aussi le développement des compteurs a scintilla 
tion et des analyseurs a plusieurs conduits 


KLINE ZAHLAPPARATUR fiir Radivaktiritdtsmes 
sungen enthalt: (1) einen Teilchen- oder Strahlungs 
detektor, (2) einen Impulsverstarker, (3) einen Dis 
kriminator der Impulsamplituden, und (4) ein Zdahlgerdt 
oder einen Zdhigeschivindighkeitsmesser. Die 
erlangten 


bisher 
Vervollkommnungen in der Konstruktion 
dieser Instrumente sowie die dieshbeziiglichen gegen 

wartigen Tendenzen werden erdrtert. Ziwecks Arbeits 

heschleunigung in dem Fall einer grossen Probenanzah! 
wird neulich eine automatische Vorrichtung angewandt, 
und es wird eine in Grossbritannien gebaute typische 
derartige Einrichtung dargestellt. Weitere Verbesserun 

gen der Szintillationscah!rohre und Vielkanalanalysa 

toren werden angefiihrt 


1 FIN de medir la radiactividad un sistema contador 
comprende;: (1) un detector de particulas o de radiacion 
un amplificador de pulsaciones, (3) un discriminador 
de amplitud de pulsaciones, y (4) un escalador o detector 
integrador. En este articulo se discute el desarrollo 
tendencias actuales de estos instrumentos. Para acelerar 
el trabajo en los casos en que haya necesidad de ensayar 
gran niimero de muestras, se usa actualmente equipo 
automatico, ues ilustrado un sistema tipico britanico 
Son comentados los adelantos en detectores de escintila 


cion yoen analizadores multicanal 
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This article is based on Dr Taylor’s opening address to the 
nucleonics section of the International Instrument and Measure- 
ments Conference held in Stockholm on 17th September, 1956 


expensive but, because of the reduction in the com- 
plexity of the complete instruments, also much longer 


fault-free service—an important advantage. 


There are, however, other advantages to be gained 
by using the new discriminator. Fer 
example, since a lower gain amplifier can be used, the 
overall size of the equipment can be reduced. This 
may not be important for laboratory measurements. 


low-level 


but for plant instrumentation, where size is an im- 
portant consideration, counting systems using the 
low-level discriminator are proving exceedingly use- 
ful. In the United Kingdom Atomic Energy Authority 
counting systems of this sort have been used in chemi- 
cal plant, where it has been necessary to provide 
holes in 3 ft shielding walls through which the mea- 
suring equipment can pass. The new system, being 
much smaller, requires a much smaller hole in the 
shielding wall. 


Counting-Rate Meters 

Counting-rate meters are often used in preference 
to sealers, particularly when the highest accuracy is 
not necessary. It seems probable, however. that many 
experimenters use a scaler when the simpler (and 
more reliable) counting-rate meter would be ade- 
quate. 


There have been no major improvements in linear 
counting-rate meters since the publication of the cir- 
cuits of Cook-Yarborough and Pulsford*, but many 
designers in an attempt to produce a more versatile 
counting instrument now provide their counting-rate 
meters with a simple integrating circuit so that very 
low counting rates can be measured as well as the 
higher ones. It is convenient to use the same capa- 
citors as are used in the counting-rate circuit for this 
integrating function. The voltage across the selected 
capacitor is then after a preset time 
(decided by an independent timing circuit) and gives 


measured 


a measure of the counts received in this time. 


Another minor, but useful facility which has been 
incorporated in some counting-rate meters is that of 
indicating the true, rather than the apparent, count- 
ing-rate. If the * lost” counts due to the finite resolv- 
ing time of the system is large this can be a useful 
facility. Pulsford® has shown how to modify the usual 
counting-rate circuit to correct automatically for 
these ‘lost’ counts, and has applied it with suecess 


to scintillation counter svstems. 


Logarithmic counting-rate meters are used in the 
laboratory for radioactive assay and for half-life 
measurements, but one of their most important uses 
is now in pulse-counting equipment designed for the 
measurement of the sub-critical neutron flux in a 
nuclear reactor. The logarithmic ratemeter is parti- 
cularly suitable here, as the neutron flux increases 
exponentially with time and by differentiating the 
output of the ratemeter it is possible to obtain a 
measure of the reactor period. Originally the circuit 
using a series of diode pump circuits due to Cooke- 
Yarborough and Pulsford® was used for the logarith- 
mic counting rate, but it is now more usual to employ 
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. single diode pump circuit followed by a logarithmic 
lc. amplifier. Counting-rate-meters of this latter type 
have been described by Gillespie’. The pulse input 
to the logarithmic ratemeter is from an amplitude 
discriminator and provided the resolving time of the 
discriminator is adequate, the maximum random 
counting rate available is 5 10° pulses per second. 
The minimum rate is some few pulses per second, 
and the accuracy is not worse than 10°, of the scale 
reading at any point. It should be noted that this 
performance is obtained with the logarithmic d.c. 
amplifier using a pentode valve circuit due to Cox". 
This circuit appears to have a number of advantages 
over that used originally employing a diode valve. 


Scalers 

Many changes have taken place in recent years in the 
scaling systems used for nuclear measurements. In 
the early days Eccles-Jordan * scales-of-two” were 
used. These were connected in cascade to give scales 
of 2", seales of 32 and 64 being popular. Later 
‘seales-of-ten” became the vogue, but this was achieved 
in the first place using * seales-of-two” connected to 
form a 2° + 2, or similar system. This resulted in a 
more complex and expensive sealer, and many experi- 
menters. although wedded to a decade system, often 
preferred the simpler scale of 2" when investigat- 
ing infrequently-oceurring phenomena where. of 
course, due to the very long counting times necessary. 
the highest reliability was essential. 


However, with the introduction of decade count- 
ing tubes providing a * seale-of-ten” in one envelope 
the situation is changed, as in many cases a * seale-of- 
ten” counting circuit using one of these tubes can be 
simpler, less expensive and more reliable than the 


corresponding ~*scale-of-ten” using Eecles-Jordan 
*scales-of-two’ valve circuits. This is the case for 
example when using the Dekatron decade counting 
tube. However. in this case there is a limit on the 
maximum counting rate (about 4000 pulses per 
second) and for higher counting rates it is necessary 
to employ the more expensive decade counting tubes 

the Philips EIT and the Ericssons Trochrotron. 

It is important when deciding which type of sealer 
is best suited to a particular requirement to consider 
not only the actual performance required, but also 
the related questions of reliability, life and cost. This 
is particularly the case when considering the newer 
components, such as the transistor and the ferrite 
loop, which at present compare unfavourably in cost 
with the more conventional components. In some 
cases, e.g. where small size and/or very low-power 
consumption is necessary, it may be essential to use 
them, but for the more usual applications, e.g. labora- 
tory assay equipments, the overall consideration of 
reliability, life and cost, probably dictates the use of 
the more conventional components (e.g. valves and 
decade counting tubes) for the time being. 


As special cases it is worth noting the use of ferrite 
loop storage systems in pulse-amplitude analysers and 
time sorters, where their good switching character- 
istics, small size and low-power consumption makes 
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them an ideal component when multi-channel work- 
ing is required. Fig 2 shows some of these ferrite 
loops as used in an AERE 1000-channel time sorter. 
This latter has been described in a recent paper by 
Wells and Page’. Ferrite loops are also used in light- 
weight portable scalers and such a unit has been 
described recently by Franklin’. 


Transistors are also being used in sealing circuits. 


Suitable circuits for use in nuclear instruments have 
been described by Chaplin’, but so far they have not 
been used on any large scale. 






















Fig 2 Ferrite toroidal cores as used in 
a 1000-channel time sorter 


Auto-Scalers 


With the need to carry out large numbers of radio- 
active assays, auto-scalers have become the vogue in 
many places. An auto-sealer is one provided with a 
timing device so that it is automatically switched off 
after some pre-set time and registers the total number 
of counts during the counting period. This time- 
controlled operation is very useful, particularly when 
long counting times are involved. It must be remem- 
bered, however, that the experimenter is really inter- 
ested in the counting rate and, therefore, if the ap- 
paratus can present this quantity, rather than the 
“total counts” and * time’ separately, it will be more 
foolproof and probably more acceptable to the user. 
Such a system is illustrated in Fig 3. 


When a preset time of one minute is used. the 
count is registered on the decade counting tubes and 
gives the counting rate directly. However, to indicate 
this unambiguously the operation of the unit time 
switch automatically causes the right hand (first) 
neon to light up to indicate the decimal place. When 
a preset time of 10 minutes is used, the second 
neon lights up to show the decimal place, and so 
on, so that the counting rate can be read off directly 
from the decade counting tubes, taking due note of 
the decimal position. 

















20 


If a counting time of 2, 20, 200, ete. is chosen, then 
this automatically switches in an extra * divide-by- 
two” stage, so that the indicated count on the tubes 
is automatically the counting rate. Similarly if 5, 
50, 500 is chosen, then this automatically switches on 
the extra * divide-by-two’” stage, plus a movement of 
the decimal point by one place. 

The facility, therefore of indicating the counting 
rate directly does not involve any great complication, 
and is probably worth while. 
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Fig 4 Control system for automatic 
sample changer 


Automatic equipment 

Automatic equipment is now much used in radioae- 
tive assay, particularly numbers of 
samples have to be assayed as a routine. In the 


when large 
UKAEA, automatic sample-changing at the termina- 
tion of the counting period and the printing of all 
the relevant information, e.g. total counts, counting 
period, time at the commencement of counting, and 
the sample identity number, is used as a large seale 
and allows the work to be carried out continuously 
24 hours a day with little man-power. 


The AERE system is shown in Fig 4. It will be 
noted that a sequence and a time and count controller 


are used and that there are various guard circuits to 
ensure the proper operation and the checking of the 
operation of the equipment. 


In making measurements of this sort one may have 
to deal with activities covering a relatively large 
range, and it may be necessary to make background 
measurements as a check at intervals. If one presets 
on the timer for each sample, the accuracy obtained 
on the weak samples will be relatively poor as com- 
pared with the accuracy obtained on the highly ae- 
tive samples. On the other hand if one uses 
controlled operation ” 


* count- 
(and measures the time period 
for a given number of * counts’), although the re- 
sults will be obtained to the same statistical accuracy 
weak 
samples may take too long a proportion of the total 


in all cases, the measurements on the very 


counting time. For these reasons, timers used in 
automatic equipments are often designed to operate 
on count control, but with an overriding time con- 
trol if the counting period is too long. In other 
eases a different principle has been employed. In 
this alternative system impulses are registered simul- 
taneously both from the sealing unit and the time 
source and, after a period decided by the total num- 
ber of sealing and timing impulses which have been 
counted, the count is terminated. If n is total num- 
ber of impulses (count plus time) and ¢ is the total 
number of time impulses, then the counting rate is: 
n-—t n 


— -] 
t t 





When the counting rate is low, n is mainly comprised 
of time impulses and the recordings are made infre- 
quently. When the counting rate is high, n comprises 
a large number of sealer impulses and a small num- 
ber of time impulses. This means that frequent re- 
cordings of the counting rate are made. In practice 
it is possible by this method to cover a range of ae- 
tivity of 3 decades with an overall change of statisti- 
cal accuracy of only 40 per cent. 


If it is necessary to cover a larger range of activities, 
then it is probably necessary to make a first rough 
estimate of the activity by using a short counting 
period and count control and then use this data for 
the machine to decide the control to be effected in 
a second counting period when a more accurate assay 
is made. By this means the machine can decide be- 
tween a number of different control possibilities 
according to the approximate activity of the sample 
being assayed. Automatic equipments with some mea- 
sure of self-determination of this sort are not being 
used as yet, but it seems likely that they will b: 
required. 


Scintillation counters 


Scintillation counters are being used on an increasing 
scale, particularly for gamma-counting. For many 
purposes it is possible to use plastic and liquid phos- 
phors and on the score of cost this is probably de- 
sirable. For other purposes, however, it is often 
necessary to use thallium-activated sodium iodide, as 
the scintillator. This is clearly the case when high 
resolution is necessary and an energy as well as an 
activity determination are required. 
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Fig 5 Gamma spectrograph of a sample of 
carrot tops showing peaks due to 
deposited fission products (° fall-out ” ) 





Fig 6 Two-crystal scintillation counter system 


Even when an energy determination is not required 
it is often useful to use a single-channel pulse-ampli- 
tude analyser to select events in the desired energy 
range, because of the reduction in background count- 
ing rate and the increase in sensitivity obtainable by 
this means. Single-channel pulse-amplitude analysers 
are now much used in this way, and are being incor- 
porated in many standard laboratory instruments. 
However, the scintillation counter in association with 
a single-channel pulse-amplitude analyser is also 
much used as a gamma-spectrometer. It finds special 
use in the atomic energy projects because it allows 
the ready identification of fission products without 
the complication of chemical analysis. Fig 5, by way 
of an example, shows a spectrograph of a sample of 
vegetable matter, which have been subjected to * fall- 
out. The minute amounts of the different consti- 
tuents can be readily identified. 


Apart from the increasing use of single ervstal spee- 
g u : I 
trometers, double crystal spectrometers seem also to 
be finding favour. Such a system is shown in Fig 6. 
e eS 
it uses two seintillation counters, one using sodium 
Cc 
iodide as the scintillation and the other anthracene. 
By making a difference measurement it is possible 
; u | 
to eliminate the Compton continuum from the mea- 
sured spectrum with the result that records of the 
photo-electric and pair-production peaks are much 
easier to interpret. 


Multi-channel analysers 


At one time multi-channel pulse-amplitude analysers 
were specialized instruments used only by the nuclear 
physicist. In the last few years this has been changed 
and 100-channel pulse-amplitude analysers are now 
used very widely. Recently Kandiah" has reviewed 
the design of this type of instrument and has sug- 
gested some of the forms that future analysers will 
take. It seems that in this case we can look forward 
to more automation, but that the analyser itself 
whilst providing improved facilities will not neces- 
sarily cost more, or be any less reliable than its pre- 
decessors. 
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HARWELL'S NEW REACTOR 


AS REPORTED briefly in last month's NUCLEAR POWER, 
the Atomic Energy Research Establishment’s new high-flux 
reactor, DIDO, was officially inaugurated on November 
2Ist by Sir Cyril Hinshelwood, President of the Royal 
Society. DIDO has the highest flux of any reactor in 
Western Europe (10''n/cm*/sec) and is to be used by 
Harwell for a wide variety of purposes including funda- 
mental research, basic technology and isotope production. 
A full description appeared in the August issue of NP 


Poised over an open access hole, the heavily lead-shielded charge machine is being lowered 
onto the reactor loading floor. When in position, the shielding plug below floor level 

will be withdrawn and the spent fuel element raised from the core into the machine. 

It will then be transferred to a hot-fuel-element cooling store (above) 








































DIDO 


The reactor is contained in a 
cylindrical steel building in 
which the pressure is maintained 
slightly below atmospheric. To 
the left, effluent delay tanks: 

to the right, light water coolant 
pump house 








top face of reactor limit switches in top 10"steel plate 
"ws of control arm unit 
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Entry to the building for 
personnel is through this 
air-lock. Another is provided 
for use in emergency 


Inside DIDO, coarse regulation is effected by six cadmium-coated 
railway-signal type controllers. Fine control is by rod 


The control layout follows normal 
British practice. Chart recorders nearest 
operator are: left upper, D.O 

outlet temp; left lower, power; 

right upper, max. fuel temperature; 
right lower, log power. 

A scram button is directly 
obscured by the operator’s head 
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The 20-ton crane runs on a circular 
rail and is positively located by a pivot-point 
at the apex of the roof. Current is 
fed in by slip rings on the locating spindle Twenty-five of these plate-type fuel elements 
are used. They are of 90 per cent. pure 
U-235 alloyed with aluminium and clad with 
the same metal. The core contains 2-5 kg of U-235 





Below the reactor, three heavy-water pumps supply coolant to the core. The top 

of one of these pumps is seen on the right. To the left can be seen one of the smaller 
pumps which are used for dumping the moderator. Throughout the plumbing, 
blotting paper leak detectors are fitted below the bolted pipe-joints 
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A helium atmosphere is maintained above Vehicles can enter the pressure building 


the heavy water in the core. This is through this air lock leading direct 
supplied from a gasholder (behind); one of to the active handling bay where 
the pumps is in the foreground hot items can be examined under water 





PLUTO 


ON A SITE AT HARWELL near the DIDO 
building, a very similar structure is arising. 
This houses PLUTO reactor. PLUTO will ; 
be similar to DIDO in several respects but 
will be used mostly for engineering loop é 
experiments and materials testing. It is due fa 

for completion next year. A _ similar 
reactor is being constructed at Dounreay, s 
Caithness, where Britain’s fast-breeder 
reactor—as yet unnamed—is being built. 
PLUTO, like DIDO, will develop 1OMW 
thermal with a flux of 10''n/cm*/second. 
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Pressure cabinets for dust-free assembly 


It is difficult to imagine the size and 
appearance of 35 tons of dust particles. 
Yet tests taken in 29 major towns and 
cities in this country show that this is 
the average dust deposit per square mile 
per month. In one area, dust deposits are 
as high as 85°50 tons per square mile 
per month. 

In the assembly and inspection of 
delicate precision-built components, dust 
contamination can be serious. Dust par- 
ticles can be highly abrasive and in all 
cases where working efficiency depends 
on accuracy of finish it is becoming in- 
creasingly necessary to produce ‘clean 
air’ in which parts can be handled and 
assembled without danger of contamina- 
tion. 

In the past, many firms have built 


their own ‘dust-free’ atmosphere 
chambers in an endeavour to overcome 
their own dust problems. Some of these 
tailor-made * dust-free’ rooms were very 
efficient, but in a good many cases they 
proved to be just expensive experiments. 
A disadvantage with many of these 
chambers was the fact that they had to 
be, because of the design, permanent 
fixtures. 

No longer is it necessary to build ex- 
pensive equipment to combat the dust 
menace. A 


cabinet type of working 


bench recently introduced and now on 
the market provides a pressurized work- 
ing area with ample space for movement 
of the hands and arms yet allows the 
operator to work and breathe in normal 
atmosphere. Within the working area 
there is a constant, controlled pressure 
of warm, clean air filtered down to par- 
ticles of 5 microns and less. The work- 
ing area is well lighted and the operator's 
vision is unrestricted through a panoramic 
glass window. This window also pre- 
vents airborne moisture from the oper- 
ators breath from reaching the work. 

Pressurized assembly cabinets are ob- 
tainable either in mobile self-contained 
units or in batteries of 2-5 cabinets. The 
single units are ideal for the laboratory 
or inspection department as they can be 
moved at will to the nearest power point. 
Batteries of cabinets are used in the pro- 
duction and assembly lines and can be 
adapted to meet different products and 
conditions. In both cases, air cleaning, 
heating and pressurization are fully 
automatic. 

The mobile * work bench’ type of pres- 
cabinet has led the 
designers on to develop and perfect a 


surized assembly 


larger ‘clean room’ cabinet in which 
both operator and work are within the 
dust-free working area. 


Industrial cleaning by vacuum 


Considerable research at laboratory and 
factory level has enabled Bivae Air 
Company Ltd to offer a lightweight and 
compact vacuum cleaner/blower of re- 
markable power with a weight of under 
30 Ib, thus being suitable for haversack 
operation on the operator's back. 

This latest unit is essentially an indus- 
trial machine and is consequently capable 
of continuous duty. Much quieter than 
previous models, the powerful exhauster 
blower moves 50°, more air through the 
lightweight 14 in. bore hoses. Cleaning 
is, therefore, much more rapid, reducing 
labour costs and enabling the operator 
to cover a greater area in a given time. 
Dirt and dust is collected in the metal 
which 


hygienic means of disposal. Soft bristle 


provides easy and 


container 


brushes are supplied for delicate surfaces. 
A new highly efficient floor nozzle is pro- 
vided for floor cleaning. Crevice tools 
and blowing nozzles are also provided 
as standard equipment enabling all sur- 
faces to be satisfactorily cleaned at high 
speed, This appliance should find con- 
siderable application in nuclear energy 
plants and laboratories. 





The complete outfit weighs only 
30Ib and is provided with 
a variety of tools 


Bivac Air Company Limited, Bee- 
hive Work, Portwood, Stockport 


operations 





Warmed air, filtered down to 5 microns 
is supplied to the working space 


Direct wire control 
at Calder Hall 


Calder Hall has been equipped with a 
system of direct wire control designed 
and manufactured by the Power Signal- 
ling Division of Automatic Telephone & 
Electric Company Limited. 

Switchgear associated with Calder ~“ A” 
is controlled from a central point by 
means of this system. Among other func- 
tions, it provides indication of alarm 
conditions, remote instrument readings, 
and the control and indication of the 
main transformer tappings for voltage 
variations. 

The system has to operate equipment 
scattered over distances of more than 
1,000 yards, and over two miles of multi- 
core cable were used in local wiring 
alone. In the plant’s control 
switechboards manufactured by the Com- 
pany extend to some 30 ft and have been 
designed to line-up exactly with boards 


room, 


made by other companies engaged on the 
project. 


Automatic Telephone & Electric Company Ltd, 
trowger House, 8 Arundel St, London, W.C.2 
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From Baldwin, a bracket for 


‘ucleonic thickness gauging is now a 
fairly well established practice in many 

idustries. After many years experience, 
ihe Baldwin Atomat thickness gauge has, 

ot unnaturally, reached a high state of 
functional performance. With this type 
of instrument, however, there always re- 
mains the problem of making a really 
efficient installation. 

In the past it has been the firm’s prac- 
tice to supply only the basic measuring 
head to a customer and leave him to 
construct” the necessary mounting to fit 
on to his machine. They have now de- 
cided to produce their own mounting 
brackets and brief details of these are 
given below. 

Basically this is a cast aluminium 
alloy *C° bracket, mounted on four ball 
races to facilitate easy traversing. There 
are three sizes of throat depth available, 
12 in, 27 in, 42in. These distances are 
measured from the centre of the mea- 
A further 
variable is the measuring gap. There are 


suring head to the throat. 


four standard gap sizes }, 1, 14 and 2 in. 
The bracket is made movable for a 

number of reasons: 

a The head can be withdrawn from the 
web for standardizing. 

b The position of the head can be ad- 
justed for varying widths of material. 

c The head can be moved to different 
positions relative to the material, e.g. 
to measure mainly on the centre of the 
material and occasionally check the 


two edges. 


The head can be continuously tra- 
versed giving information of weight or 
thickness variations across the entire 
width of the material. 

At present there are two methods of 
operation—manual and pneumatic. 


Pneumatic operation is by a power 


the Atomat gauge 





Manual, or pneumatic traversing is available. Above is the remote control box 


cylinder fixed to the bracket and operat- 
ing it by means of solenoid control valves. 
The speed can be adjusted by means of 
speed regulators. 

It must be borne in mind that for a 
*C” bracket to be used, it is necessary 
to have a gangway by the side of 
machine which is sufficiently wid  .o 
accommodate the bracket when fully 
withdrawn. In some _ installations, the 
space is just not available and to cater 
for this Baldwin are designing a special 
mounting arrangement. This will consist 
of two end pieces placed either side of 
the machine and joined together by two 
tie bars located one below the web and 
the other above. The source will move 
along the upper tie bar and the chamber 


along the lower. This mounting arrange- 

ment is still in the course of develop- 

ment. 

The radioactive source when used in a 
*C° bracket is fitted with a shutter which 
can be operated in one of three ways: 

a Manual—Lever operation from the 
end of the source holder. 

b Electrical—This is still being deve- 
loped and may be either by means of 
an electric motor or a solenoid. 

ce Pneumatic—A small cylinder is built 
into the source holder and is operated 
by means of a solenoid control valve. 

Lamps can be fitted to indicate whether 

the shutter is open or closed. 

Baldwin Instrument Co Ltd, 

Brooklands Works, Dartford, Kent 


Muirhead decade resistances now with improved features 


Improved non-reactive decade resistance 
units—type D-805—have been recently 
introduced by Muirhead & Co. They are 
arranged for panel mounting and occupy 
the minimum of mounting space. Screen- 
ing is provided by the aluminium can 
which completely encloses the unit. 


The stud switch is of recent design and 
possesses an extremely low and constant 
contact resistance. This is achieved by 
employing resiliently-mounted silver-gra- 
phite pads on the moving element oper- 
ating over silver contact surfaces. Tests 
carried out over 100,000 operations show 
that the contact resistance is between 0°1 
and 1°25 milliohms, and this value does 
not vary appreciably with time and the 
amount of use. A further feature of the 
switch is that no lubrication of the con- 
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The resistors are for panel mounting and 
are fully screened 


tact surfaces is necessary throughout the 
life of the switch. Thus, there is no oil 
or grease to trap dust particles which in 
time would adversely affect the contact 
resistance and cause undue wear. Re- 
sistors are wound non-reactively on cera- 
mic cards having high secular stability. 


The accuracy of adjustment on direct 
current is as follows: 
1 ohm and above: =0°1% +0°0005 ohm 
0-1 ohm steps: = 0°5% = 0°0005 ohm 
The a.ce. accuracy is a function of fre- 


quency and the method of connexion. 


Muirhead & Co Ltd, 
Beckenham, Kent 
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New accuracy standards claimed for remote thermometers 


What are claimed to be the most accurate 
remote reading resistance thermometers 
available commercially have been deve- 
loped by Savage & Parsons Ltd. They 
have an overall accuracy of within 1 

according to the meter employed—and 
a sensitivity of within 0-1°C, thus 
allowing wide ranges of temperature vari- 
ations to be accurately shown on the 
ti in. uniform scale of the meter. 

The thermometers operate on the tem- 
perature ‘resistance change of a platinum 
sensing-element, the small heat capacity 
of which makes the instrument extremely 
sensitive to temperature changes, with 
little time lag. A choice of four models 
is at present available, covering a range 
of temperature variations of : 10 to 
0C: 0 te 50°C: 50 to 100°C: 100 to 


150°C. Extensions to this range are being 





The rugged industrial-type instrument contains its own battery. Sensing elements 
; : ; are available flat or round 
The sensing elements, which can be 


considered. 





used at a distance from the instrument, ate thermometer readings are obtained able for a wide range of applications in 


are available in flat form, for attachment throughout the 400-hour life of the bat- all branches of the process industry, 
to surfaces and for interleaving, or alter- tery. A strong, compact case encloses from the manufacture of petroleum pro- 
natively in the conventional immersion the unit. which weighs 12 Ib and mea- ducts and plastics materials, to bio-chem- 
form. The thermometer, with its heavy duty — sures about 12 by 11} by 93 in. istry, baking and brewing. 

battery, forms a completely self-contained The robustness, accuracy and compact- & Par 

unit housed within the casing, and aceur- ness of this thermometer make it suit- 





DIDO CONTRACTORS 


HARWELL'S NEW DIDO REACTOR and its associated plant and buildings was designed and constructed by an Atomic Energy Research Establishment team, in 
association with the Ministry of Works and Head Wrightson Processes Ltd. 
The Ministry of Works were responsible for the detailed design and coordination of the civil works and services in association with the following 
industrial firms: 
W. E. CHIVERS LTD Civil works 
MATTHEW HALL LTD Mechanical plant 
WHESSOE LTD Airtight building 
J. STONE LTD Air lock doors 
ANDREW MACHINE CO LTD Ventilation 
REED & PARTNER Electrical installation 
BRUSH ELECTRICAL ENGINEERING CO LTD Electrical continuity sets 
WHARTON CRANE & HOIST CO LTD 20 ton Circular motion crane 





Head Wrightson Processes Ltd were responsible for the detailed design and co struction of the rezctor itself and the following firms were sub-contractors 
HEAD WRIGHTSON PROCESSES LTD Cooling tower 
HEAD WRIGHTSON LTD Erection, cooling plant, shields 
M. & W. GRAZEBROOK LTD Thermal column frame and door, reactor stool, reactor steel tank 
ALUMINIUM PLANT & VESSEL CO LTD Reactor vessel, stainless steel, heads for fuel element and experimental facilities 
. M. HOBSON LTD Control mechanism 
HAYWARD TYLER & CO LTD Main circulating pumps 
HYDRAULIC & MECHANICAL DEVELOPMENTS LTD Auxiliary pumps 
ROBERT JENKINS LTD Heavy water vessels, shielded handling flasks for active equipment 
METAL PROPELLERS LTD Heavy water vessels 
ASHMORE, BENSON & PEASE & CO LTD Gasholders 
W. J. FRASER CO LTD Stainless clad mild steel expansion vessel 
BRITISH OXYGEN ENGINEERING CO LTD Helium drier and absorber 
BAKER PLATINUM LTD Helium recombination unit 
PERMUTIT LTD Cooling water treatment plant 
THOMAS FIRTH & JOHN BROWN LTD Reactor top plate 
MOTHERWELL FOUNDRY LTD Shielded doors and frames, with drives 
WRIGHT ANDERSON & CO LTD Reactor structure 
LONDON ALUMINIUM CO LTD Aluminium experimental facility thimbles 
SAVAGE & PARSONS LTD Fuel element shielded plugs one 
LANG BRIDGE LTD Shield plugs and head for experimental facilities 
BKL ALLOYS LTD Fabrication of stainless steel piping and fittings 
JOHN THOMPSON LTD Fabrication of stainless steel piping and fittings 
q BORNE LTD Fabrication of stainless steel piping and fittings 
FOXBORO YOXALL LTD Instruments 
GEORGE KENT LTD Instruments 
HONEYWELL BROWN LTD Instruments 
EVERSHED & VIGNOLES LTD Instruments ; 
R. HUTCHEON, DUTHIE LTD Instrument panels and instrument installations 
GWYNNES PUMPS LTD Light water pumps 
WORTHINGTON SIMPSON LTD Light water pumps 
BROOK MOTORS LTD Pump motors 
ALLEN WEST LTD Motor starters 
ELECTRONIC INSTRUMENTS LTD High-low pH alarms 
SAUNDERS VALVE CO LTD Valves 
WALLACE & TIERNAN LTD Chiorinating plant 
THE ECD CO LTD Helium pumps 
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Reactor Physics -8 


nes F, Hill Senior Lecturer, Reactor School, Harwe 


A bare reactor is of academic interest : 
practical ones have a neutron reflector. 
NUCLEAR POWER’s basic series 
shows how this is accounted for 





|. The critical size of a bare cylindrical reactor 


In order to illustrate the formulae given in the last 
section, consider a typical graphite natural uranium 


reactor with k = 1-06, L? = 0-03 m?, L, ? = 0-04 m?. 
Then as M? = 0-07 m? from (7.32) 
0.06 ” 
B? = O07 = 0.8571 (8.1) 
and so from (7.55) 
2.405 \2 a \2 
a +\F B* — 0.8751 (8.2) 


6-28 metres 
20-6 feet (8.3) 
This again is not unrealistic for a graphite uranium 


reactor (the height of the Calder Hall reactor core is 
21 feet). 


Suppose H, 27 metres 


Then (8.2) becomes an equation for R,, namely 


2.405 \2 
( R. ) + 0.25 


2.405 
Vv 0.6071 





0.8751 


or 3.09 metres—10.1 feet (8.4) 
Now, R, R + 0-71A, and as A, is about one inch 
for graphite (the uranium has negligible effect on A, ) or 
2-5 em 0°71, is 1°8 em and so no substantial error 


will result by putting R Mp5 a8 H, 
take R 3:09 m H 6-28 m. 


Further, for this type of reactor a typical value for the 
ratio of total volume to uranium volume in a reactor 


. and so we shall 


core is about 80, so taking this value. U’ the mass of 


uranium in the reactor in tonnes will be 


a R? Hd, 
— gn tonnes (8.5) 


if R and H are in metres and d, 
the density of uranium. 
and H from above. 


18-9 gm per cm? is 
Then, using the value of R 


U 14-6 tonnes (8.6) 


2. Minimum volume cylinder 


It can be readily shown that for a given value of the 
buckling B*, the values of R and H (assumed the same 
as R, and H, respectively) for the cylinder of minimum 
volume, are given by 








2.405 (3 2.945 : 
R BV 3 B (8.7) 
5.442 
H — — (8.8) 
148 
so that Pes aro (8.9) 


3. Bare spherical reactor 
— 


For a bare spherical reactor the solution of (7.27) for the 
thermal neutron flux is 





A sin Br A sin 7 r/R, 
a az aN (8.10) 
Cr 
with B R. (8.11) 


Here A is an arbitary constant and R, the extrapolated 
radius of the sphere. 


Again, putting R, R, the volume of the sphere is 


130 
B3 (8.12) 


4. Bare cubical reactor 

The solution of (7.27) for the case of a bare cubical 
reactor of extrapolated side a, , with the origin of co- 
ordinates taken at the centre of the cube is 








1X Ty MZ 
¢ = A cos a, ©98 ma cos | (8.13) 
3 7? 
with B? a? (8.14) 
With a, a the volume of the cube is 
161 
Be (8.15) 


It can be seen from a comparison of the volumes for a 
given buckling, of the sphere, cube and minimum-volume 
cylinder, that the sphere is the most favourable shape 
followed by the cylinder and then the cube. 

In general, particularly for a heterogeneous reactor, it 
would be difficult to make a spherical reactor—apart 
from any other reasons, unless the critical size was known 
exactly before construction it would take a long process 
of trial and error to get a spherical core of the correct 
size. Therefore, the next best shape, the cylinder, is 
generally used. 


5. Reflected reactors 

Suppose now we consider the effect on a critical bare 
reactor of surrounding it by a scattering material—any 
material, in fact. Some neutrons which had escaped 
from the core and hence could not make a further fission 
will now be scattered back into the core and may then 
cause a fission. Thus the neutron loss from the core is 
effectively reduced and so the reactor will have been 
made over-critical. In order to make it critical again 
it will be necessary to reduce the size of the core. This 
means the reactor will be critical for a smaller investment 
of fuel. 

This idea then of reducing the critical size of a bare 
reactor by surrounding it with a scattering material is of 
great value because of the saving in fuel. The scattering 
material is called a reflector. 

A goud reflector will be at the same time a good scattering 
material and a weak absorber, otherwise it will absorb 
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too many neutrons and not reflect them back into the 
core. Furthermore, it must be a good slowing-down 
medium if it is used for a thermal reactor because it will 
then be able to non-thermal neutrons 

thermal neutrons and then return them to the core. 
One further important consequence of using a reflector 
is the improvement in the maximum-to-average flux 
over the bare case. This arises because, whilst in a bare 
reactor the flux at the edge of the core is almost zero, 
the corresponding flux in a reflected reactor is raised due 
to the presence of the reflector. This means that the 
average flux will be relatively higher compared to the 
maximum flux distribution will be 
uniform. 


convert into 


and so the more 


cooling the reactor is made easier. 


LES DIMENSIONS critiques dun _ réacteur cylin- 
drique, sphérique ou cubique sans réflecteur sont obtenues 
des expressions dérivées dans la partie précédente. On 


peut réduire sensiblement ces dimensions si l'on emploie 


This, of course, means that the problem of 


6. The critical size of a cylindrical reactor with a 
reflector on the sides only 


The problem of a cylindrical core completely surrounded 
by a reflector poses an almost impossible mathematical 
task to solve. We shall therefore consider separately, 
the cylindrical core surrounded by a reflector only on 
the sides and with a reflector only on the ends. 
In the first case the arrangement is shown in Figure 8.1. 
There are now two equations for solution, namely, for 
the core 

24 + Bd — 0 (8.16) 


and for the reflector, the ordinary diffusion equation 


Vv ft _ 9 (8.17) 
S BY . ‘ 
V 1 L,? 
where the subscript 1 will be used to denote the reflector. 
The form of the solution of (8.16) is as in the bare reactor 
case, so that (see (7.54)) 


d = AJy (ur) cos Bz (8.18) 





un réflecteur de neutrons, ce qui en méme temps améliore 
le rapport entre le flux maximum et le flux moyen. I1 est 
ertrémement difficile de traiter rigoureusement le cas oit 
le noyau central est compléetement entouré par le réflec- 
teur; néanmoins, pour un noyau cylindrique les para- 
meétres critiques sont dérivés séparément pour le réflecteur 
périphéral et pour les réflecteurs terminaus. On décrit 
combiner ces deus 


une méthode approxrimative de 


résultats. 


DIE KRITISCHEN AUSMASSE eines reflektorlosen 
Reaktors werden fiir die czylindrische, Kugel- und 
Wiirfelgestalt auf Grund der in dem vorangehenden 
Artikelteil abgeleiteten Ausdriicke gefunden. Diese 
Ausmasse kdénnen durch Anwendung eines Neutronen- 
reflektors bedeutend vermindert werden; gleichzeitig wird 





reflector colre 





das Verhdltnis Masimalfluss, Durchschnittsfluss  ver- 


reflector 




















bessert. Exvakte mathematische Behandlung eines vom 
Reflektor umgebenen Reaktorkern ist ausserordentlich 
schwierig, doch sind fiir den Fall eines zylindrischen 
Reaktorkerns die kritischen Parameter getrennt fiir 
einen Peripheralreflektor und fiir Endreflektoren 
abgeleitel worden. Ein angendhertes Verfahren zur 
Vereinigung dieser Resultate wird angegeben. 


A BASE de erpresiones derivadas en el articluo del mes 
pasado, se obtiene el tamaio critico de un reactor sin 
reflector para formas cilindricas, esféricas y ctibicas. 
Estos pueden reducirse considerablemente 
mediante el uso de un reflector de neutrones, lo cual 


tamainos 


también mejora la relacién de flujo mdximo a flujo 
medio, Un riguroso tratamiento del nicleo circundado 
completamente por un reflector, ofrece la mayor difi- 
cultad, pero, en el caso del nicleo cilindrico, se obtienen 
pardmetros de criticalidad separadamente para un 
reflector periférico y para reflectores laterales. Se indica 
un mélodo aproxrimado de combinar a los dos. 


KRPHTHYUECKHIE PA3ME PHI 


eGepurecko2zo usu KYyOuYeCcKOed pearmopa 6¢63 ompa- 


UUAUHOPUNeCKOeO, 
WAMEAN NOAYNAIMCAN Us BdIPdoenull, BHiBeEVeHHUX @ 


npedmnoyumel wacmu JMU pasmMepdt MO#KCHO CyuLecme- 


eHHoO YMeHbuUUMb, YNoMpeGAAA OMpaoicamesb neumpo- 
Hoe, 4umo 


y.ly4udaem omnowmenue 


Tounaa 


oOnospemMenHHo 
MAKCUMGAbHO20 NomoKa K CpednemMYy nNomorRy. 


o6pabomKa armuenot 30nnm pearmopa, cosepuenno 


oRpyocennot ompasncametem, “pesentuaiino zampydn- 
uUmMetbid; OOHAKO 32 CAyYae YULUnOpUYecKOot axrmuenot 
One Napavemnpw KPUMULECKOLD COCMOANHUA eoleOOAMCA 
pase AbHo JOAN 


nepume purecKkoeo ompancamesAd u 


KpaUuHux ompdaorameset. Onucnieaemca npuobsu- 


weenHmi Memod couemanua Ob60ux pesy.lomamoe 


' a 
Ry 








Fig 8.1 Cylindrical reactor with side reflector 
with again 

B? — a2 + p? (8.19) 
and because there is no reflector on the ends the boun- 
dary condition 

B=a/H, (8.20) 
still holds. 
Turning now to the solution of the reflector equation 
(8.17) we proceed as in the bare case and suppose ¢, can 
be represented by the product of two functions, so that 

dp, P, (r) Z, (2) (8.21) 
where P, (r) is a function of r only and Z, (z) is a function 
of z only. 
However, we argue that the variation of Z, is the same 
function as in the core, namely 

Z, (2) % cos Bz (8.22 
as the neutron flux must be continuous everywhere and 
in particular must be continuous for r R and all values 
of z. Thus using (8.21) and (8.22) in (8.17) leads to 

d?P. 1 dP : l 
; > ae eg? + —~ }P, O 


dr r dr i 


(8.23) 
and putting 


K 2 (8.24) 
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leads to the solution of (8.23) as the sum of the two 
lified Bessel functions of zero order, so that 


P(r) C Iq (kyr) D Ky (k;' r) (8.25) 


$, = {C 1, (kyr) + D Ky (k;'r)} cos Bz (8.26) 


The solutions ¢ and ¢, must satisfy the boundary 
conditions. These are that the flux and current are 
continuous at r R and the additional condition that 
db 0 at the extrapolated value of R,, namely R,.. 
However, as has been seen before R,, — R, will be small 
in general, so we shall use the approximate condition 
that.¢, = Gat r— &,. 


Satisfying this latter condition first requires that 
$, —E{ Tg (ky’ 7) Ky (ky’ Ry) — Ky (ky’ 1) Tq (ky Ry)} cos Bz 
(8.27) 


FE is another arbitrary constant and ¢, is now zero at 
r R,. 


Continuity of flux requires 


¢ (R) ¢, (R) (8.28) 
and continuity of current 
dd d 
Ar —e An o¢1 at r R (8.29) 
or or 


where A,. Ay are the transport mean free paths in the 


core and reflector respectively. Then dividing (8.28) by 


(8.29) and rearranging 








¢(R) A $,(R) 
dp An d¢, atr R (8.30) 
dr A 


Then substituting from (8.18) and (8.27) into (8.30) gives 


Jo( aR) A, 1 T(ky' Ry) Ko(k,'R) Ty (ky R) K(k,’ R,) 


aI (aR) An Ky’ 1y(kyR) Ko(ky Ry) + Ip(ky Ry) Ky (ky R) 








\r (8.31) 


Thus, given the reflector (so that L, is known), and 
supposing the reactor height is fixed, that is 8 is known, 
then for given values of R and R,, « can be found. 
Then the buckling B? can be found from (8.19). This 
value of the buckling then will make the reactor critical. 
Clearly, any of the variables except one can be fixed in 
(8.31) and this equation then used to find this unknown 
variable. Thus if the buckling was given then for a 
given reactor height and reflector thickness the critical 
radius R can be found from (8.31). 


\ simple physical explanation of equation (8.31) can be 
given. The left-hand side of the equation is the ratio 
of the flux at the core boundary to the negative of the 
derivative of the flux in the radial direction. Thus (see 
Figure 8.2) if the tangent to the radial flux at the 
boundary r R is drawn and projected to cut the axis, 
then it will cut the axis at a distance A, outside the 
boundary. Thus A, is an extrapolation distance on the 
neutron flux in the core in exactly the same way as 
0.71, is the extrapolation distance on the neutron 
flux at the outside boundary of a system. 


Similarly, then (8.31) can be written approximately as 





boundary 


flux in core 





i ane to neutron flux at boundary 














core reflector 
9 (R) 
A, 
Fig 8.2 Extrapolation of neutron flux at core 
boundary 

so that 

a(R+A,) =~ 2-405 (8.33) 

2-405 

or : = R+A, (8.34) 


Now the value of £ is the same as in the bare reactor (8.20) 
and so for a bare reactor and a reactor reflected on the 
sides only, the values of ~ must be the same, as 
a? — B? — B? (8.35) 

Thus comparing (8.34) with the corresponding equation 
for the bare reactor (7.53), we see 

R + A, R, = R, (8.36) 
where R, and R, are the extrapolated radius and actual 
radius of the bare reactor. (8.36) shows that the radius 
of the reflected reactor is less than the radius of the bare 
reactor with the same buckling by an amount A,. Thus 
the presence of the reflector reduces the critical radius 
by this amount, sometimes called the * reflector saving.’ 
We must now assess the approximate value of A, . 
In order to do this simply, suppose the reflector is large 
in thickness (infinite). Then A, becomes on putting 
R, c in (8.31) 
~: ; oe (8.37) 
TS — Boe ee Pr | 
Au ky K, (ky R) 
and if the reflector is the same as the moderator A, ~ A,). 
Also, consider the value of x,’ for a large reactor. 


If we take L, 


A, 


0-5 m, say, for graphite, then from (8.24) 


k, 2? = B+ 4 (8.38) 
but 6? from (8.20) and (8.3) is (7/27)? = 0-25 
oe 6Ky * = 0-25 + 4 = 4:25 m (8.39) 
so that approximately 
x, * = 4a? (8.40) 
or Ky oe be (8.41) 


In other words x,’ for the type of reactor we are con- 
sidering is not very different from the inverse diffusion 
length in the moderator. 
Also, for the value of R we shall determine, K, (x,' R) 
~ K, (k,’ R), so finally putting all these approximations 
in (8.37) leads to 

] 





, A, = — =b 8.42 
: Jo[a(R+ A, )] = 0 (8.32) a (8.42) 
157 
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Fig 8.3 Cylindrical reactor with end reflectors 
Then from (8.36) using (8.42) 

R~ R, —L, (8.43) 
that is, the critical radius with a large reflector is less 
than the critical radius of the bare reactor by about a 
diffusion length in the reflector. 

This, of course. represents a considerable saving in 
uranium, because if we now take the approximate value 
of R from (8.43), using R, 3-09 m as previously found 

R 3:09 —0-5 (8.44) 
and so the amount of uranium in the reactor. reflected 
on the sides only, is given from (8.5) as 


2-59m 


l 31-3 tonnes (8.45) 
a saving of 13-3 tonnes of uranium. 
The exact solution of (8.31), with 4d, Au for an 


infinite reflector, gives R 2-62 m, A, 0-455 m and 
U 32-0 tonnes, to be compared with the approximate 
results given above. 


For the case where the reflector is finite the same general 
conclusions hold provided that the reflector is sufficiently 
thick. In practice, this means it must be about two 
diffusion lengths thick at least. 


It was stated above that an additional advantage of a 
reflector was that it also resulted in an improved value 
of ag the maximum to average flux. 
In this case «p is again given by 

aR 1 


me 


2 J, aR) (8.46) 


which for the particular example above, using the 
accurate values of « and R gives 


ap = 1-706 (8.47) 


compared with the value of ap 2-316 for the corres- 


ponding bare case in (7.63). 


7. The critical size of a cylindrical reactor with a 
reflector on the ends only 


The arrangement for this problem is shown in Figure 8.3. 
In this case we have to solve (8.16) and (8.17), assuming 
that the radial distribution has a J, (aR) variation both 
in the core and reflector. (8.17) then becomes 





d*Z, l - 

—. + at \Z,=0 8.48 
dz? (;, - ) . ( 
or 

I2Z . 
= — x,” Z,=0 (8.49) 
dz 
where 
] 
kK"? =e a (8.50) 
L* 


Satisfying Z, Oat Z H, , 2 then leads to 


H 
¢, (z) = E, sinh x,” ‘G —2 ) Jo (ar) (8.51) 


and satisfying the boundary conditions at Z = H_/2 gives 


ent ns a = tanh x,” (*3-) = A, (8.52) 


6 2 An ky 


Exactly similar conclusions hold as in the radial case, 
and, in particular 


A, =~ L, (8.53) 
Br~nr/H+2L, (8.54) 
H~ HM, —2L, (8.55) 


For the example used above, again for an infinite 





reflector, (8.52) would become if A, = Ay, and R, 
2-62m 
‘nr (8.56) 
=- €6 a 00 
C} 2 Ky . 


Then H 0-466 m if R = 3-09 m. 


For the axial direction again 


5:35 m and A, 


6H 3H 
cosec > 








(8.57) 


and this gives x, 1-377 compared with 1-571 for the 


bare case. 


8. The critical size of a cylindrical reactor com- 
pletely surrounded by a cylindrical reflector 


For this case we now say that for large reactors an 
approximate solution will be given by combining the 
solutions of the two previous cases, so that the variables 
in the problem are connected by (8.19), (8.31) and (8.52) 
taken together. This means that the flux in the core is 
given by (8.18) as before, that in the radial reflector by 
(8.27) and that in the end reflectors by (8.51). 

Suppose then we are given the reactor core length H, the 
buckling B? and the thicknesses of the side and end 
reflectors, and we require to find the critical radius R. 


First find an approximate value of 8 from (8.54) and 
then an approximation to « from (8.19). This then 
leads to a value of k,” to insert into (8.52). H and H, 
are known so an accurate value of £ is found from (8.52). 
This then gives an accurate value of « from (8.19) which 
then leads to the value of the critical radius R from (8.31). 
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Next month's instalment will consider the effect of 


temperature and poisons when a reactor is run at power 
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A Short Course in Radiological Protection (A.E.R.E. HP/L 23), 
edited by R. J. Sherwood and H. J. Dunster, 116 pp. London: 
H.M.S.O. Price 13s 3d. 


[his booklet records the contents of a five-day course, com- 
prising nine lectures, on the subject of radiological protection, 
delivered on various occasions in the Isotope School at 
\.E.R.E., Harwell, during the last two years. 

Following two introductory lectures dealing with the funda- 
mental nuclear physics involved, subsequent lectures cover the 
organization of a radiation protection service, units and 
methods of detection and measurement, maximum permissible 
levels of radiation, the external radiation hazard, contamina- 
tion and its control, decontamination and waste disposal and 
some notes on instrumentation. 

This pamphlet repairs a serious gap in the literature; no 
other book, at present available, covers this subject as com- 
prehensively or in such detail, Appropriately, emphasis is 
placed on the requirements of hospitals, laboratories and 
plants not directly associated with Atomic Energy Authority 
operations. The problems of large open sources of B- and yY- 
active materials or large quantities of «@ emitters of high 
specific activity receive only cursory consideration. 
Supplemented by the recommendations of the International 
Commission of Radiological Protection (Brit. Journ. of Radio- 
logy, Supplement 6, 1955), this booklet will answer all the 
safety questions presented by the use of radioactive sub- 
stances. It is so useful that it deserves publishing as a book 
in a more convenient form, after revision and re-writing, pre- 


ferably by a single author. A. G. Maddock 


Atomic Energy is Your Business Arnold Kramish and Eugene M. 
Zuckert. 5.75 by 8.25, 269 pp +16 plates. New York 1956: 
David McKay. Price $3.95 


[he notorious McMahon Aet of 1946 failed utterly in its main 
it stopped neither Britain nor the Soviet Union 
developing nuclear weapons within a comparatively short time. 
In doing this it also delayed considerably the development of 
nuclear energy for peaceful purposes—particularly in the United 
States itself, where the stage was set for a rapid advance. It 
is true, as these authors point out, that in the starry-eyed 
days of 1946, United Nations international control was thought 
to be just round the corner and the Act was only intended to 
have a transitory existence. After a disillusioned ten years it 
is easy to be wise and the authors do not attempt it, confining 
themselves to the facts, 

The situation was however radically improved by the 1954 
Act which for the first time really gave industry some sort 
of access to the atom which had been harnessed at such colossal 
public expense. Even this, however, as we know very well in 
this country, only goes part of the way and Kramish and 
Zuckert have some penetrating criticisms of the access proce- 
dures. Geneva is seen as a turning point in the history of 
atomic energy and for this President Eisenhower and Lewis 
L. Strauss are given generous and well deserved praise. 

A thoughtful and stimulating book, Atomic Energy is Your 
Business is written for the businessman and is a_ practical 
guide to the nature of atomic energy, its organization and 


purpose : 





BOOZ S 


history in the United States and how to go about getting into 
it. It starts with the customary simplified ‘explanation’ of 
nuclear energy which scientists usually find so unsatisfactory, 
but this is only a small part of the book. Although written for 
the American market, much of it might well be read with 
profit by British industrialists. Several useful appendices are 
included. 

The authors are well qualified for their task. Mr Kramish 
has been in atomic energy since the Manhattan days and 
is now senior adviser to the Rand Corporation; Mr Zuckert 
was an Atomic Energy Commissioner for 24 years under Gordon 
Dean’s chairmanship. Minor irritations there are—Greek atmos 
for a tomos, Mendeleev— a bearded Russian ’—but one can 
forgive these in a book as challenging as this one. W. D. 


Electronic Computers—Principles and Applications Ed. T. E. 
Ivall. 54 by 8% in. 167 pp. London 1956: Iliffe. Price 25s. 


It would have been appropriate if this book had been sub- 
titled ‘An Introduction, for it is not in a true sense ‘ Princi- 
pia,’ nor is it intended to be. The editor explains that it is an 
introduction to the subject and, as such, is not for computer 
experts. It is a collection of articles orginally published in 
‘Wireless World.’ It is expecting a great deal to condense even 
the more important aspects of analogue and digital computers 
into a small volume, but the editor has succeeded in pro- 
ducing a readable and well-illustrated guide. The explanations 
of the circuits are simple but not always explanatory. The 
diagrams are, in general, clear, but it is a pity that the block 
diagrams of the analogue circuits do not conform to the 
symbols used in contemporary literature. 
The inference that machines can ‘think’ and ‘learn’ always 
invites comment. There often seems to be confusion between 
thought and instinct. Surely what Blaise Pascal said in the 
seventeenth century still holds true: *‘ The arithmetical machine 
produces effects which approach nearer to thought than all 
the actions of animals. But it does nothing which would 
enable us to attribute will to it, as to the animals.’ 

Ross Cameron 


Radioisotopes, the Wonder Tool ed. Walter A. Shead. 90 pp. 
Washington: the Atomic Energy Guide Letter. Price $7.50 


This pamphlet, prepared largely from items previously pub- 
lished in the Atomic Energy Guide Letter, provides a concise 
survey of the present industrial applications of radioactive 
isotopes, together with detailed information about their avail- 
ability and purchase in the United States. A brief description 
of the facilities and equipment necessary for such applications 
is included, as well as an extensive list of the companies 
supplying this equipment. 

The survey, including examples from twenty-five industries, 
does not pretend to be comprehensive, but it does convey a 
well-balanced impression of the potentialities of radioactive 
isotopes. The rest of the booklet is of little value in this 
country. A similar pamphlet, relating to British conditions, 
would be very useful, but it would need to sell at a much 


lower price ! A. G. Maddock 





Be eee ae 
are still in the research field there are some which 
are showing promise. It is therefore pertinent to 
examine the possible cost of irradiation. It is difficult 
to do this at present with any precision for the use 
of radioactive fission products. Capital costs are 
likely to be high, but depreciation would be low 
with long lived species such as caesium-137. Provi- 
sional estimates suggest a figure of, at most, a few 
pence per pound of food irradiated with a sterilizing 
dose, and proportionately less for lower dose treat- 
ments. More is known of the economies of electron 


generators, and here, a cost of 1 penny per pound 
of food irradiated with 2 x 10° rads seems feasible. 
The process would therefore be limited in first appli- 
cations at least, to more expensive foods. These costs 
are, of course, for the irradiation alone. Cost of 
preparing and packaging the food, and of transport 
and general handling must be considered eventually 
for each individual application. 

This paper has been prepared as part of the pro- 
gramme of the Food Investigation Organization of 


the Department of Scientific and Industrial Research. 
Crown Copyright reserved 
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Atomic Power Constructions Ltd 


That is the title of the much-rumoured 


new British major contracting group 


(* consortium ’). It was officially an- 
nounced on December 14 and consists of 
three principals: Richardsons Westgarth 
and Co Ltd, the well known turbine en- 
gineers ; International Combustion 
(Holdings) Ltd, one of Britain’s largest 
boilermakers; Crompton Parkinson Ltd, 
a leading manufacturer of heavy elec- 
trical goods. 

The group was formed after consultation 
with the AEA and the CEA and it is in- 
tended to tender for future power sta- 
tions in the British programme and also 
The broad divi- 


Richard- 


turbo-alternators, gas 


to seek orders abroad. 
sion of responsibility will be: 
sons Westgarth 
blowers and standby generators; Interna- 
tional Combustion—-reactor, heat exchan- 
gers and pressure vessels; Crompton Par- 
kinson—switehgear, transformers, cables 
and motors. 

Atomic Power Constructions, which ha- 
an authorised capital of £{lm, will oper- 
ate from a new building recently com- 
pleted at 28-30 Theobalds Rd, London, 
WCl. A team of 


nuclear physicists and metallurgists has 


design engineers, 


been assembled. This has been formed 
initially by bringing together men who 
were already working on nuclear activi- 
ties within the member companies: it 
will now be added to by recruitment. 

Chairman of Atomic Power Constructions 
is The Rt. Hon. Lord Coleraine PC, 
board members being: Mr Harry Fother- 
Westgarth 
Mr J. Mayer, International Combustion 


gill, Richardsons director: 
joint managing director, and Mr J. V. 
Daniel, Crompton Parkinson's managing 
director. 


Anglo-US graphite deal 

\ reactor-quality graphite factory costing 
about £6m is to be built by members of 
the Nuclear Power Plant Co Ltd at New- 
ton Hough on Tyneside, as a result of an 
agreement reached last month between 
the British firms and the Great Lakes 
Carbon Co of New York. 

The four companies are C. A. 
& Co, A. Reyrolle & Co, Sir Robert 
McAlpine & Sons and Clarke Chapman 
& Co and the graphite company will be 


Parsons 


known as Anglo Great Lakes Corpora- 
tion. Work is expected to begin on the 
78-acre site shortly and the initial target 
output is 10,000 tons a year, with room 
for expansion, A reactor of the improved 
Calder type needs about 2,000 tons of 
graphite. 

Great Lakes is said to be the second 
largest producer in the United States, 
National Carbon—a Union Carbide sub- 


sidiary—being the biggest. 


So far, none of the other British con- 


tracting groups have announced any 


special plans for graphite supplies. 


Rare earths from Johnson Matthey 


\ feature of the Johnson Matthey & Co 
stand at the IV° Salon de la Chimie, 
Caoutchouc, Matiéres Plastiques held in 
Paris at the end of November was a wide 
range of spectrographically standardized 
substances of the highest purity, rarer 
elements and compounds, salts of the pre- 
cious metals and rare earths. The extrac- 
tion and purification of the latter has 
been one of the company’s research pro- 
jects for some time and today all fifteen 
known rare earths are produced in a 
high state of purity. 


Solartron sales zoom 

With sales at £758,000 for the 12 
months ended June 30, Solartron Elee- 
tronic Group Ltd notched up another 
record year. According to chairman 
John Bolton’s statement to his a.g.m. the 
1955-6 sales were greater than the com- 
bined results for the Company's pre- 
vious seven years existence. The pro- 
cess looks like continuing, for results in 
the first three months of the current 
financial year show an 80 per cent im- 
provement over the comparable period 


in 1955-6. 


Irish Minister at GEC 





New French nuclear company 


Several prominent French companies 
have joined to form a new firm for the 
purpose of designing and manufacturing 
nucleonie and electronic equipment of 


all kinds. 
d’ Applications et de 


Known as the Compagnie 
Recherches _ Ato- 
miques, with offices at 45 Avenue Kléber. 
Paris XVle, the company has a regi- 
stered capital of 100m frs. The firms 
involved include Hispano-Suiza, Air 
Delmas 


Vieljeux, Société Continentale et Mari- 


Equipment, Jobin et Yvon, 
time des Petroles, Cge. Fr. de Minerais 
dUranium, Soc. Fr. de Gerance et des 
Participations, and the Breguet aireraft 
works. The 
Ziegler and the deputy director general, 


M. Marcel H. Boisot. 


New Mullard House 


Mullard Ltd have moved into new head- 


president is M. Henri 


quarters at Torrington Place, London 
WCl1 (Tel: LANgham 6633). 


departments have 


For some 
years now several 
been temporarily accommodated in a 
number of separate premises and the 
move will eventually bring them all un- 
der one roof. 

The new building will house complete 
technical and information services, show- 
rooms, a demonstration centre and a 


cinema, 


A recent visitor to the GEC Atomic Energy Department at Erith was Eire’s 
Minister of Industry and Commerce, Mr W. H. Norton (centre) 

he was accompanied by Mr M. F. McCourt (left) of AET (Irish Electricity 
Ltd). Here, the Irish visitors are having a few points on fuel 

elements explained to them by GEC nuclear manager R. N. Millar (right) 
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Gold medal for Sir Christopher 
sic Christopher Hinton, General Mana- 
ver of the UKAEA Industrial Group, re- 
ceived the Churchill Gold Medal of the 
Society of Engineers (Incorporated) at 
its Annual Dinner held at the House of 
Commons on Nov 30. _ Presentation 
of the medal was made by the Presi- 
dent, Capt H. F. Jackson, and the citation 
said it was for ‘his outstanding work in 
connection with the applications of 
nuclear energy.’ Sir Christopher also re- 
ceived a seroll of honorary fellowship of 
the Society. 

Capt Jackson said Sir Christopher's 
work at Swindon, Trinity College, Cam- 
bridge, Imperial Chemical Industries and 
the Ministry of Supply had combined to 
give him just that experience so essen- 
tial to his great work with the AEA. 
Replying, Sir Christopher outlined the 
great progress made by the AEA during 
the last few years and stated that not 
only had we caught up with America: 
in some aspects we were two years ahead. 
Proposing the toast of the Society, Sir 
Graham Sutton, Director of the Meteor- 
ological Office, stressed its importance in 
these days of extreme specialisation, 
since it brought together for study and 
discussion 


specialists in the various 


branches of engineering and science. 


Alloy steels for power plant 

The special steel maker and power gen- 
eration was the title chosen by Dr 
Charles Sykes, CBE, FRS, deputy chair- 
man and managing director of Thos. 
Firth and John Brown Ltd, when he was 
invited to give Dorman Long's fifth trien- 
nial Harold Wright lecture in Middles- 
brough on Nov 29. In introducing 
Dr Sykes, Mr A. McLeod, director and 
general manager of Dorman Long, de- 
scribed him as our greatest authority on 
the subject. 

Dr Sykes showed that much of the strik- 
ing inerease in thermal efficiency of 
power generation could be ascribed to 
improvements in metallurgy. For tem- 
peratures over 750°F, design considera- 
tions are now based, not on the classical 
elastic theory, but on the plastic defor- 
mation which can be tolerated during the 
life of the plant—say 100,000 hrs, As 
temperatures are now reaching beyond 
1050°F, the use of austenitic steels is 
This however intro- 
particularly 
where an austenitic component has to be 


becoming general. 


duces welding problems, 


joined to a ferritic one. 

For turbine blading, stainless iron is 
satisfactory not only for the Lp. end but 
also for the h.p. end up to 660°F. Be- 
yond this, additions of Mo or MoV be- 
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come necessary. For these steels, 0°1 per 
cent creep in 100,000 hrs is the maxi- 
Turbine and alternator 
shafts will probably become heavier and 


mum tolerable. 


longer. Mo and V type steels do not 
seem to have enough creep or oxidation 
resistance as h.p. shafts at 1100°F. Pos- 
sibly alternatives are: complex 12 per 
cent chrome martensite steels containing 
columbium and nitrogen, or the highly 
alloyed austenitic steels. 


SIMA Electronics Group’s 10 years 
The Electrical and Electronics Section of 
the Scientific Instrument Manufacturers 
Association recently celebrated its tenth 
anniversary. Founded on Dee 12 
1946 with 15 member firms, it now has 
53 primary members with 30 others who 
have a secondary interest. 

At a recent meeting L. A. Woodhead, 
director and general manager of Cossor 
Instruments Ltd, was elected Chairman of 
the Section. Mr A. E. Evans, managing 
director of Evans Electroselenium Ltd, 
Mr Woodhead 
In 1950 he was 


appointed manager of A. C. Cossor’s In- 


was made vice-chairman. 
joined Cossors in 1930. 


strument Division and took over his pre- 
sent position on the formation of subsid- 
iary company Cossor Instruments Ltd. 


Presentation to Sir Arthur Fleming 


The contrast between the present and his 
early days in the electricity industry was 
drawn by Sir Arthur P. M. Fleming CBE, 
at a luncheon given in London on 
Nov 28 by the BEAMA 


Committee on the occasion of his retire- 


Education 
ment as chairman. In those days facili- 
ties were very limited and little thought 
was given to the education and training 
of workers in industry. Now there was 
widespread interest and activity, and res- 
ponsible authorities were pressing the 
subject with urgency. 

The toast to Sir Arthur was proposed 
by BEAMA director B. H. Leeson and 
supported by Mr C. Grad (of BTH). 
Vice-chairman J. O. Knowles presided. 
Sir Arthur had held this post since it 
was created as long ago as 1917. He 
received an engraved silver cigarette box 
to mark the occasion. 


Standard for thermal insulation 

British Standard BS 874 Definitions of 
heat insulating terms and methods of de- 
termining thermal conductivity has re- 
Part I of the 1956 
edition contains definitions of heat in- 
sulating terms and a summarized list ef 
symbols and units. 


cently been revised. 


Measurement cf 
thermal conductivity and emissivity is 
described in Part II, including methods 


for different types of materials for 


Conversion 
tables are provided in the Appendices. 


various temperature ranges. 


As in the previous edition, a purpose of 
Part I is to provide means of establish- 
ing consistency in definitions, particu- 
larly in order that there should be os 
little conflict as possible with analogous 
terms used in other countries and with 
the view to rectifying confusion which 
may exist in use of such words as con- 
duction, conductance and transmission. 

One of the changes made is the adoption 
of the joule as the fundamental unit of 
heat in accordance with BS 350: 1940, 
Amendment No. 4, October, 1953 (P.D. 
1715), which also defines the correspond- 
ing values for the revised steam table 
British Thermal Unit and the revised 
The effect of this 
change on heat insulation calculations is 


steam table Calorie. 


negligible. 
BS 874 may be obtained through the 
Sales Branch of the British Standards 
Institution, 2 Park Street, London, W1. 
Price 5s. 


Forum for Britain? 


After months of preliminary discussion, 
a new nuclear energy institution was 
announced in London last month. Known 
as the Nuclear Energy Trade Associa- 
tions’ Conference, the body’s objects are 
to set up a permanent means of liaison 
on matters relating to nuclear energy and 
associated developments. 

Membership of NETAC is on a trade 
association basis and the following are 
the founder members: British Chemical 
Plant Manufacturers’ Association, British 
Allied Manufacturers’ 
Association, British Engineers’ Associa- 


Electrical and 


tion, Scientific Instrument Manufacturers’ 
Association, Water-tube Boilermakers’ 
Association. 

The decision to form NETAC, says the 
statement, was taken in the knowledge 
that British industry has made, and will 
continue to make, an increasingly im- 
portant contribution to the development 
of the peaceful uses of nuclear energy, 
and that the number of manufacturers 
in the UK concerned with one or more 
aspects of nuclear energy and its main 
or by-products is rapidly growing. 

One of NETAC’s declared objects is the 
publicizing abroad of British industry 
and a publicity committee comprising 
experts from leading British firms, has 
been considering ways and means. 

First chairman is W. K. G. Allen of 
W. H. Allen Sons & Co Ltd, Bedford. 
Mr Allen is also President of the BEA 
whose staff is at present acting as 
NETAC’s secretariat. Enquiries: British 
Engineers Association, 32 Victoria Street, 


London SWI, tel: ABBey 2141. 
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RESEARCH REPORTS 


The following reports have been made available to the 
pu blic by the United Kingdom Atomic Energy Authority 
They may be borrowed or photoc apres obta ined from the 









Science Library, London, Deport J a a 
ore ence Belf t, and the Central Libraries at Acton 
Birmingham, Bristol, Glasgow, Kingston-upon-Hull, Leed 
rpool, Ma nches ster, Newcastle-upon-Tyne and Sheffield 
gre also deposited in the opyright Libraries (i.e 
Britis sh Museum; University Library, Cambridge; Radcliffe 
ience Library, Oxford; National Library of § 
‘dinburgh National L brary f Wales, Aberystwyth) and 
n the Patent Office Library Reports marked * 7 
purchased from Her Majesty's Stationery " 
Report Vv able in the ted 
A er wr ry n 
NV AR Y) R Rer for 
ef € > € 
Ta o eller P 


Atomic Energy Research Estabt. 
Radiations from water under beta-particle 
bombardment. E. W. T. Richards. (Mar 
1956. 18 pp) AERE-C/R 1901 

A preliminary study of three cermets 
based on uranium oxide. L. S. Williams, 
D. T. Livey, E. Barnes, P. Murray. (May 4, 
1956. 29 pp) AERE-M/R 1934 





PROGRAMME 


ICE Institu f Civil Engineers. IMechE | , 
of Mechor IEE Institution f Electrica 
f € ICheme “t titution of Che Engineer 
IP | Phys PS Phy y. SCI e 
f try. IM Instit A IMet 
M re IMM Air 
Me IPE Ir rate SIT 
January 
Thu 3 Portsmouth IEE Nuclear Power 
H. A. Roberts. 6.15 at Council 


Chambers, Western Parade 
Peterborough |PE Dust Control 
R. J. Plant. 7.30 at White Lion 
Hotel, Church Street 

Fri 4 Fawley SIT Position displacement 
meters 7.00 at Copthorne House 
London |MechE An experimental 
investigation of the process of expand- 
ing boiler tubes J. M. Alexander and 
Prof. Hugh Ford. 6.00 at the Insti- 
tution 

Tue 8 London IEE Anisotropic-dielectric- 
loaded linear electron accelerators 
R. B. R. Shersby-Harvie et a/. 5.30 
at the Institution 
London |ChemE Solution of the 
equations for mass-transfer in plate- 
type distillation columns. H. 
Rosenbreck. 5.30 at Geological 


Rig for measurement of radial load on 
small centrifugal pump impellers. A. P 
ae. (Apr 1956. 19 pp) AERE-R/R 
1977 

The radiological dose to persons in the 
UK due to debris from nuclear test explo- 
sions prior to January 1956. N. G. Stewart, 
R. N. Crooks, E. M. R. Fisher. (Sept 1956. 
29 pp) 4s 3d. AERE-HP/R 2017* 

Critical assemblies of aqueous uranyl 
fluoride solutions. Pt 1. Experimental tech- 
niques and results. W. G. Clarke, C. C. 
Horton, M. F. Smith. (Sept 20, 1956. 36 pp) 
6s. AERE-R/R 2051* 

Gas scattering in proton synchrotrons. 
L. B. Mullett. (Oct 1956. 39 pp) 5s 6d. 
AERE-GP/R 2072* 

The preparation of pure zirconia for use 
as a spectrographic standard. D. L. 
Smith, F. E. Wild. (Aug 1956. 7 pp) 
AERE-C/M 283 

Effect of eccentricity on temperature dis- 
tribution in liquid metal double-annulus 


Society, Burlington House 
Edinburgh IPE Electronics in indus- 
try R. B. Smith. 7.00 at 25 Charlotte 
Square 

Thu 10 Glasgow IPE Current lubricants and 
their significance to plant engineers 
S. F. Chisholm. 7.15 at Scottish 
Building Centre, Sauchiehall Street 

Tue 15 Manchester IEE The contro! of 
nuclear reactors R. J. Cox and J. 
Walker. 6.15 at Engineers Club 
Chester IChemE Vacation training 
for chemical engineers A. J. Carter. 
7.00 at the Grosvenor Hotel 

Wed 16 Newcastle SIT Temperature mea- 
surement by filled systems A. Muir. 
7.00 at King’s College, Stephenson 
Buildings 
Rugby IEE Nuclear energy in the 
service of man T. E. Allibone FRS. 
7.30 at Temple Speech Room 
London SCI The chemistry of the 
newer elements Prof. H. J. Emeleus. 
6.30 at King’s Ccllege, WC2 

Thu 17 Chester IPE /nstrumentation and 
automation R. J. F. Howard. 7.15 at 
Stafford Hotel, City Road 

Fri 18 Birmingham IEE Nuclear energy 
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Mr Luke Fraser has been appointed Lon- 
don manager of G. & J. Weir Ltd in 
succession to Mr A. C. Smith who goes to 
Glasgow as sales director 

Mr G. W. Alexander, chief engineer of 
Powell Duffryn, has been appointed a 
director of Cambrian Wagon and Engin- 
eering Co Ltd. 

Mr H. E. Dixon, formerly chief metallur- 
gist at the British Welding Research 
Association has joined Richardsons West- 
garth Atomic Ltd. He is succeeded at 
BWRA by Mr P. T. Houldcroft 

Mr E. G. Thompson has been appointed 
technical sales manager of Baird & Tatlock 
(London) Ltd. 

Mr L. W. Stevens-Wilson has been made 
development officer of the British Iron 


EE NEW S 


and Steel Research Association in suc- 
cession to Dr T. E. Dancy who has taken 
up an appointment in the USA 

Mr I. Hey has been appointed chairman, 
and Mr Christopher Simon deputy-chair- 
man, of Henry Simon (Holdings) Ltd, 
Stockport. Lord Simon of Wythenshawe 
recently retired as chairman but con- 
tinues as a director and as president of 
the company 

Mr W. C. Morgan, commercial manager of 
EMI Electronics Ltd, has been appointed 
Engineering Director 

Mr H. E. F. Taylor has become Executive 
Secretary of the Radio Communication 
and Electronic Engineering Association 
Mr E. K. Cole, chairman and managing 
director of E. K. Cole Ltd, is on a round- 


heat exchanger. J]. Woodrow. 
1955. 9 pp) AERE-ED/M 26 
Air sampling with the annular impactor. 


(Aug 31, 


D. C. Stevens. (Aug 28, 1956. 16 pp) 
AERE-HP/M 110 
Neutron induced nuclear reactions in 


solids resulting in gas formation. G. B. 
Redding. (Oct 4, 1956. 11 pp) AERE- 
M/M 130 

Methods of measuring the thermal con- 
ductivity of solids. A bibliography. G. L. 
Cooper. (July 1956. 11 pp) 2s. AERE-Inf/ 
Bib 104* 

Bibliography on pressure die-casting equip- 
ment. G. L. Cooper. (Oct 1956. 10 pp) 
Is 9d. AERE-Inf/Bib 108* 


Industrial Group 
A special mass spectrometer for the iso- 
topic analysis of lithium. P. G. Bentley, 
J. Bishop, D. Davidson. (July 13, 1956. 
18 pp) IGR-R/CA 180 


in the service of man T. E. Allibone 
FRS. 6.00 at Town Hall 
Birmingham IPE Arc welding F. A. 
Thomas. 7.30 at Imperial Hotel, 
Temple Street 

Mon 21 Newcastle IEE Informal evening, 
Electronics and automation, indus- 
trial applicaticns H. A. Thomas. 
6.15 at King’s College 
Bristol IEE An introduction to nuclear 
power generation D. F. Welch. 6.00 
at South Western Electricity Board, 
Cclston Avenue 

Wed 23 Cardiff SiT Present and future trends 
in electronic instrumentation R. J. 
Redding. 7.00 at Training Centre 
of the National Oil Refineries Ltd, 
Llandarcy 
Middlesbrough SIT Pressure and 
pressure difference measurement 
E. N. Martin. 7.30 at Cleveland 
Scientific and Technical Institution 

Mon 28 Leeds IPE Civil engineering Prof. 
R. H. Evans. 7.30 at University 

Wed 30 Rugby IEE Conduction and induction 
pumps for liquid metals L. R. Blake. 
6.30 at College of Technology and 
Arts 


the-world tour to visit his firm’s interests 
in USA, Australia, New Zealand and 
India 

Mr Jack L. Schumann has been named 
sales manager of Vitro Engineering Divi- 
sion of the Vitro Corporation of America 
Metropolitan-Vickers Electrical Co Ltd of 
Trafford Park recently announced the fol- 
lowing staff changes. Mr G. H. Butterworth 
—superintendent, Mechanical Department. 
Mr W. Davies—Assistant Chief Engineer 
(large steam turbines). Mr F. D. Roberts 
—Assistant Chief Engineer (medium and 
geared steam turbines). Mr W. O. P. 
Jones, Assistant Superintendent, Electron- 
ics Department. Mr H. H. Lusty—Man- 
ager, Publicity Department. Previous Pub- 
licity head, Mr E. E. Walker, is retiring 
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remote - 


controlled 
microscopes 


THE metallographic examination of radio 
active materials behind efficient shielding 
presents formidable instrumentation pro- 
blems if full advantage is to be taken of the 
versatility of modern metallurgical micro- 
scopes with their multitude of adjustments 
and complex controls. 


In close co-operation with the United 
Kingdom Atomic Energy Authority the 
Reichert-Shandon Remote-controlled Micro- 
scope has been developed and is now com- 
mercially available to the steadily increas- 
ing number of laboratories which are faced 
with the problem of examining active or 
toxic materials. 


By means of an optical train passing 
through the shielding, visual microscopy and 
photomicrography is possible—conveniently 
and safely. All microscope adjustments, 
such as coarse and fine focussing, operation 
of iris diaphragms, stage traverses and rota- 
tion, insertion, withdrawal and rotation of 
polarisers and analysers and changing of 
objectives, are remotely controlled from out- 
side the shielding. In addition, phase-contrast 
or dark-field illumination can be applied and 
micro-hardness tests can be carried out in 
rapid succession and whilst the radio-active 
specimen remains in position on the micro- 
scope stage. 


Further information is obtainable from 


SHANDON SCIENTIFIC COMPANY LTD. 
6 CROMWELL PLACE, LONDON, S.W.7 


Telephone: KNightsbridge 1131/3 
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PLASTIC PHOSPHOR NE 102 


WE HAVE PLEASURE IN ANNOUNCING 
A NEW SCINTILLATOR, THE MOST 
EFFICIENT (60-65°,, OF ANTHRACENE) AND 
THE LOWEST COST PLASTIC PHOSPHOR 
EVER OFFERED. STANDARD SIZE RODS 
UP TO 24" DIAMETER NOW AVAILABLE 
FROM STOCK. 


For the accommodation of Universities and laboratories. we 


can also supply NE 102 in rough ingot form at considerably 
reduced cost. Write for full details given in BULLETIN 11. 


NEW PRODUCTS AND SERVICES 


(described in Bulletins 6 and 9) 


@ Scintillating Gels, for efficient internal counting of suspended 
materials. 

@ Boron, Cadmium, Gadolinium and Lead Loaded Liquid 
Scintillators for neutron detection, or for enhanced gamma 
response. 


Liquid Phosphors—Encapsulated, or in bulk form at new 





low prices. 


@ Nuclear equipment built to your specifications. 


NUCLEAR ENTERPRISES 


(G.B.) LIMITED 


BANKHEAD MEDWAY, SIGHTHILL, EDINBURGH, 11, SCOTLAND 
Catles: NUCLEAR 


Telephone: CRAiglockhart 4513 


Associate Company: 
NUCLEAR ENTERPRISES LIMITED ; 


WINNIPEG ~ CANADA 





YEAR BOOK 
and 
BUYERS GUIDE 


1750 FEMZINA HIGHWAY 





This mew annual 
publication is a 
complete and com- 
prehensive guide to 
the whole field of 
nuclear activity. 
Containing over 500 
pages it will be 
indispensable to all 
firms, atomic energy 
agencies, and re- 
search workers en- 
gaged in nuclear 
work 


United Kingdom 
£2.2.0 plus 1/- 
postage and packing 


US and Canada 

$8 plus 50c postage 
and packing 

other countries 


£3.3.0 plus 1/6 
postage and packing 


Orders can now 

be accepted 

Price 42 shillings 
(USA $8) to 


NUCLEAR POWER 


3 PERCY STREET 
LONDON WI 
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measured accurately with the 
BALDWIN IONEX 


Measurement of dose and dose-rate of ionising radiations 
over a very wide range of energy and intensity can 

be carried out on the Baldwin IONEX—a precision 
Dosemeter. A small thimble chamber (0.6 c.c. approx.) 
is attached to the end of a flexible cable for measuring 
dose distribution, depth dose, half value thickness, and to 
calibrate other instruments. For measuring soft X-rays, 
alpha and beta sources, and radiographic exposures, as 
well as checking for contamination, a nominal 600 c.c. 
chamber with a window of 0.0005 in. Styrafoil 
equivalent to approx. 1 c.m. of air) is used. Facilities 
are provided for the fitting of a recorder where required. 


Dose: 300 ur — 1000 r Dose-rate: 30 ur/min — 1000 r/min 


BaLDWi f) instruments 





For full details, please ask for leaflet F4-118 





BALDWIN INSTRUMENT COMPANY LIMITED - DARTFORD - KENT * TEL: DARTFORD 2948 





for laboratory 


Si m pI Tn BC _ fans smal scale production 


+ 
the well tried pipe joint 3-TIER 
BALL 
The Simplifix joint uses the well-tried principle of the MILL 
compression coupling in its simplest and most efficient 4 
form. ‘ 


Simplifix joints can be made on almost any kind of 
tubing, including those with very thin walls. 
== § This new ball mill is a use ~~ 

~ ful unit for carrying out a number 
of separate jobs or for dealing with 
different materials at the same time. m 
Arranged with three separate motors and with ~~ 
three pairs of 2)” diameter white rubber bonded 
rolls in three tiers. 








Each pair consists of one driven and one idler roll and the latter can be placed 
in any of three positions to accommodate containers up to 9” diameter. All 
three tiers can be operated simultaneously or one or two separately and 
provision is made for varying the speed of the driven rolls. Each tier will carry 





two I-gallon or three +} gallon or four 2-pint or five 1-pint and various com- 
binations of the different nominal capacities can be operated at the same time. 











Price List and Catalogue of Standard Fittings 
for OD. Copper Pipe gladly sent on request 


SIMPLIFIX COUPLINGS LIMITED 
HARGRAVE ROAD, MAIDENHEAD, BERKSHIRE 
Telephone Maidenhead 2271-4 


Crawly 25ltoter THE PASCALL ENGINEERING CO. LTD 
List8M920| | GATWICK ROAD - CRAWLEY - SUSSEX 


70] fio af 
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Every picture tells a — 


‘Mame Gov? 


JET ENGINE DETUNERS 
— _. ALUMINIUM SPRAYED BY 


ae THE SCHORI DIVISION OF 
F. W. BERK & CO. LTD. 
FOR DETUNERS LTD. 





BY COURTESY OF 
THE DE HAVILLAND AIRCRAFT CO LTD. 


Shotblasting and Metal Spraying 

contracts carried out on site. Jobbing Factories 
in London, Manchester and Glasgow 

Metal Spraying Equipment supplied ex stock 


AUTOMATIC SPRAYING PLANTS 
DESIGNED TO YOUR REQUIREMENTS 








Dept. 3P, BRENT CRESCENT, NORTH CIRCULAR ROAD, LONDON, N.W.10 Elgar 3533 














REACTOR 
INSTRUMENTATION 



































The Main Control Panei for ‘“‘LIDO” 

THE INSTRUMENT DIVISION, ERICSSON TELEPHONES LIMITED Swimming Pool Reactor. including the 
Measurement, Control and Satety cir- 

HIGH CHURCH STREET - NEW BASFORD - NOTTINGHAM ~~ TELEPHONE 75115 cuits, designedand installedby Ericsson 


Instrument Division in collaboration 
with A.E.R.E. (Harwell) 





E524 
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PNEUMATIC CYLINDERS 


if in. to 12 in. diameter - Standard or Heavy Duty 
Stroke as required + Complete range of mountings 
Single- or Double-acting + Fully cushioned 


CONTROL VALVES 


Lin. BSP to 2 in. BSP 
Manual, semi-automatic or automatic cycles of operation 
Two-, three-, four- or five-port valves 


Push-button, lever, foot, roller, plunger, air, diaphragm 
or electric actuation 


MARTONAIR equipment is manufactured or stocked in 
{Ulf 
justralia, Belgium, Canada, Denmark, Finland, France, Germany, Holland, 


Iceland, New Zealand, Norway, South Africa, Sweden and USA 


MARTONAIR LTD + PARKSHOT - RICHMOND - SURREY 


RICHMOND 3348 











HEAVY IRON CASTINGS 





M & W GRAZEBROOK ¢ DUDLEY WORCESTERSHIRE 


LIMITED EST.1750 : DUDLEY 2431-3 Telegrams: GRAZEBROOK DUDLEY 





CLASS | PRESSURE VESSELS 








Cables 


HENRY GARDNER & CO. LTD 


suppliers of 
CADMIUM LEAD 


BISMUTH TITANIUM 
INDIUM TITANIUM ALLOYS 


NONFERMET London’ Tel: MANsion House 4521 and at BIRMINGHAM, MANCHESTER, GLASGOW 


i UP TO 20 TONS AND RAILWAY TANKERS 

H 

STEEL FABRICATIONS FOR STAINLESS STEEL VESSELS HOT PRESSINGS UP TO 12” CHEMICAL PLANT 
HEAVY ATOMIC PLANT COPPER COOLING COILS THICK, 11 FT. SQUARE — LEAD 

i 

1 

i 


2 METAL EXCHANGE BUILDINGS 
LONDON EC3 
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In every industry there exist 
e applications for (£) and 
Hooke’s Type Universal 





Joints, where high loading and 
high speed must obtain with 
unfailing reliability. 

An illustrated brochure 
contains full descriptions of 
all types together with 

full technical data on ratings 


e 
and installation; why not 
send for your copy today? 


4.M. Gauge Test 
House Authority 89755/31 Be 
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KINGSTON BY-PASS, SURBITON, SURREY Telephone: ELMBRIDGE 0033-7 Telegrams: Precision Surbiton 
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RADIO (DEVELOPMENTS) LTD. 


CRYSTAL - CONTROLLED 
PULSE GENERATOR 


TYPE 1478A 





... provides accurate pulses for calibrating ratemeters and 
scalers; the constant output pulse, with an attenuator, enables 
checking of amplifier gains, and/or discriminator triggering 
sensitivity levels. Scaling-tubes on the divider-panels give 
visual indication of the decade dividing circuits. 


Developed in collaboration with the U.K. Atomic Energy 
Authority, Harwell. 


FREQUENCY: 100 kc/s down to | c/s in decades: a = 4 switch permits 
selection of intermediate frequencies. 





GATING CIRCUIT: This enables I-sec. ** bursts ‘’ of pulses to be available at 


PULSE OUTPUT (VARIABLE): 5 volts co 20 volts (into 1000pf). any given frequency for the calibration of scalers. 
: ive. Width: 21 . Rise- the 
ay: ee or eee ide shite statis adil STABILITY: The decade frequencies remain constant with an H.T. variation 
PULSE OUTPUT (CONSTANT): Approximately | volt into attenuator. of + 5°, ora mains input variation of + 15°,. 
Polarity: negative Width: 2 u secs. Rise-time: «1 tu sec. 
Attenuator: 83db in Idb + 1°, steps (imagei mpedance 100 ohms). MAINS VOLTAGE: 200-250 volts, 50 cycles. 


All Designers and Manufacturers of :— Logarithmic Ratemeters, Radio-Active Dust 
nui Sampling Equipment, Time Base Equipment, X-Ray Dose Meters, Linear Amplifiers, Quench 
eng ies Amplifiers, Gamma-Radiation Monitors, Scintillation Counters. 


RADIO (DEVELOPMENTS) LTD. 
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CAXTON WAY, STEVENAGE, HERTS. (Stevenage 804) 
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Just published ! 


The reactors of the world. 


The first survey of atomic reactors so far built and 
put into operation. 

In a tabulated survey of 14 pages all important par- 
ticulars concerning atomic reactors which will be in 
operation by July 1956 have been listed, according to 
countries. The following details are given: model 
designation, type (neutron velocity, fuel arrange- 
ment), application, capacity, location, date of start 
of operation, building costs, owner, designer, fuel, 
moderator, cooling agent, reflector, biological shield, 
control and safety appliances, neutron flux, temper- 
ature etc. etc. 

The second part of the general reactor survey gives 
details about 109 projected research reactors, of 
which 38 are in the process of being erected. The list 
has been arranged according to the position of the 
reactors in 39 countries. 


DIE ATOMWIRTSCHAFT 


Journal for Economic Questions concerning Nuclear Transmutation reports on these questions 
and on all economic problems arising from the application of atomic energy. 
It is published monthly, with a circulation of 6000. Subscription rate: £3.3.0 per annum to 


ROWSE MUIR PUBLICATIONS LTD, 3 PERCY STREET, LONDON, W.! 
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HOW WERE 
MASSIVE STEAM 
GENERATING * 
TOWERS STRESS 
RELIEVED AFTER 
WELDING? 


FREQUENCY 
INDUCTION 
HEATING 
EQUIPMENT 


* AS INSTALLED AT CALDER HALL ATOMIC 
RESEARCH STATION 


ELECTRIC FURNACE COMPANY LTD 


NETHERBY, QUEENS ROAD, WEYBRIDGE. SURREY - Weybridge 3891. 
Assocvoted with EFCO Lid. Electric Resestonce Furnace Co Lid, Electro-Chemal Engineering Co. Lad. 





INSPECTION PERISCOPES 


for all 
NUCLEAR 
ENGINEERING APPLICATIONS 








Specialists in Internal Inspection 


and Remote Viewing Equipment 


P. W. ALLEN & CO 


253 LIVERPOOL ROAD 
LONDON N.|! 


Telephone: NORTH 4665 


EE 











NUCLEAR POWER JANUARY 1957 


Al 


Th 
suy 
ane 


Th 
tea 
ran 
are 


Th 
Wh 
hig 
Ap 
infe 
ran 
des 


NUC 





CLASSIFIED ADVERTISEMENTS 


RATES 


REMITTANCES 

PRESS DAY 

TERMS 

HEAD OFFICE 

BOX OFFICE REPLIES 


for 12 consecutive insertions. 


Classified advertisements are charged at 4s. per line. Semi-display setting £3 per single-column inch. 5°, is allowed 
to trade advertisers for six insertions. 10°, 


ox numbers will be charged Is. extra 


Cheques and postal orders should be sent to Rowse Muir Publications Ltd with the order for the advertisement 
Advertisements must be received not later than 24th January for the February issue 

All advertisements are strictly net and must be prepaid 

All advertisements should be addressed ‘‘ Classified Advertising,"’ NUCLEAR POWER, 3 Percy Street, London W1 
NUCLEAR POWER, 3 Percy Street, London W1 





APPOINTMENTS AND SITUATIONS VACANT 


ATOMIC POWER CONSTRUCTIONS 


Chis company has been formed for the purpose of designing, 
supplying and constructing Nuclear Power Stations for home 
and abroad using the manufacturing resources of : 


International Combustion Ltd, 


Richardsons Westgarth & Co Ltd, 
Crompton Parkinson Ltd 


The new company must expand the combined nuclear power 
teams of these companies and invites applications for a wide 
range of positions at all levels. In particular the following 
are urgently needed : 


DESIGN ENGINEERS. Mechanical, Electrical and Civil 
from Deputy Chief Design Engineer down to well 
qualified draughtsmen wishing to become Engineers 


DESIGN DRAUGHTSMEN of all types 
DETAIL DRAUGHTSMEN 
TECHNICAL ENGINEERS both theoretical and experi- 


mental, preferably Honours Graduates for heat transfer 
and reactor engineering generally 


PHYSICISTS for reactor physics and shielding 
METALLURGISTS 


CONTRACTS, 
ENGINEERS 


CONSTRUCTION ENGINEERS for initial training with 


design team 


ADMINISTRATIVE and Clerical staff 


ESTIMATING and PURCHASING 


The standard demanded is high with commensurate salary. 
Where candidate’s experience is limited but intelligence is 
high additional training will be given. 


Applications should be by letter with separate sheet of relevant 

information including age, education, details of career, salary 

range in which interested and any other information considered 
desirable. 

ATOMIC POWER CONSTRUCTIONS 

23-30 Theobalds Road, WC1 





DRAUGHTSMEN required for design and lay-out work on 
Nuclear Power Stations. Applicants should have a good know- 
ledge of Mechanical Engineering, with technical qualifications 
to H.N.C. level. Applications stating age, qualifications and 
experience, quoting Ref. HFJH, to Kennedy & Donkin, 12 
Caxton Street, London SW1. 


ATOMIC ENERGY RESEARCH ESTABLISHMENT, HAR- 
WELL, has VACANCIES in The ISOTOPE Division. 

1 FOR EXPERIMENTAL/ASSISTANT EXPERIMENTAL 
OFFICERS and SENIOR ASSISTANTS/ ASSISTANTS (Scienti- 
fic) (Ref. 683/1) to take part in the production and experi- 
mental work of the Technical Group. the main function of 
which is to provide from reactors the radioactive materials 
required for use in medicine, research and industry. 
Experience in the above, or in Engineering, Physics and Elec- 
tronics as applied to radioactivity, would be an advantage. 

2 FOR BOTANISTS (Ref. 682/1) in the Technological Irradia- 
tion Group. Applicants should be interested in agricultural 
botany and preference will be given to candidates with an 
elementary knowledge of mathematics. 

These posts will be graded as Assistant Experimental Officer or 
Assistant (Scientific). 

QUALIFICATIONS: For the Experimental Officer class: 
G.C.E. in five subjects, including two scientific subjects at “ A” 
level, or equivalent. 

For the Assistant (Scientific) class: G.C.E. in four subjects at 
“QO” level, including English language and a scientific or 
mathematical subject, or equivalent. 

SALARY: EXPERIMENTAL OFFICER:  £940-£1,155. 
ASSISTANT EXPERIMENTAL OFFICER: £375 (at age 18)- 
£815. (Highest starting salary: £665.) 

SENIOR ASSISTANT (Scientific) : £695-£965. 

ASSISTANT (Scientific): £305 (at age 16)-£640. (Highest start- 
ing salary: £460.) 


SEND POSTCARD for FURTHER DETAILS and APPLICA- 
TION FORM, which must be RETURNED by JAN 7, 1957, to 
ESTABLISHMENT OFFICER, A.E.R.E., HARWELL, DIDCOT, 


BERKS, quoting appropriate reference. 





CHEMICAL or MECHANICAL ENGINEER, with a particular 
interest in heat transfer, urgently required for research, deve- 
lopment and design work. The successful applicant will be 
primarily concerned with plate-type regenerative-type and other 
heat exchangers in connection with iron and steel furnaces, gas 
turbines, ete. He will be centred at modern research labora- 
tories in the Midlands giving very congenial working condi- 
tions, but may expect to spend time also at steel works, etc., 
in various parts of the country. 

Salary dependent on age, qualifications and experience, An 
age in the range 26-34 will be preferred. Apply, giving full 
details of qualifications and experience to: Box B/1/1 





PHYSICIST required by manufacturing group in London, to 
set up and lead small research department for investigating 
problems concerned with heat transfer and electro mechanical 
control systems. Practical engineering and/or research experi- 
ence preferable.—Please state age, experience, and salary re- 
quired to: Box B/1/2 





NUCLEAR POWER needs an editorial assistant. Journalistic 
experience is not essential but a degree or equivalent in 
engineering, physics, metallurgy ete. is. Apply in writing with 
full details to the Editor. 





GRADUATE with good degree wanted to take over heat ex- 
changer design section of Company operating from London 
office. Training period expected. Box B/11/5 
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PLANT 
TWO special GAS BLOWERS/COMPRESSORS for sale. 
Unused. Centrifugal type. For use with heavy gas. Fitted 


with Increasing Gear Unit. Oil Filter. Cooler. Gears and 
Blower all aluminium alloy. Special sealing against leakages. 
Mass air flow 14 lbs per minute. Blower speed 9,000 RPM. 
Direct coupled to 400/3/50 Motor rated at 123 hp. Al! 
complete on girder base. PRICE £175-0-0 each; loaded. Apply 
to: EDGAR DAVIES, 19 Sweeting Street, LIVERPOOL 2. 
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Acheson Colloids Ltd 
AEI Lamps & Lighting Co Ltd 
AEl-john Thompson Nuclear Energy Co Ltd 


Aerox Ltd 


Air Control Installations Ltd 


Allen, P. W. & Co 
Amal Ltd 


Appleby & Ireland Ltd 


Atomwirtschaft 


Automatic Telephone & Electric Co Ltd 


Babcock & Wilcox Ltd 

Bailey, N. G. & Co Ltd 

Baldwin Instrument Co Ltd 

Berk, F. W. & Co Ltd, Schori Division 
Blakeborough, J. & Sons, Ltd 


Board of Trade 


British Acheson Electrodes Ltd 

British Ermeto Corp. Ltd 

British Oxygen Gases Ltd 

British Thomson-Houston Co Ltd, The 
Bryce Electrical Construction Co Ltd 
Butterfield, W. P. Ltd 


Cape Asbestos Co Ltd, The 
Carbon Dioxide Company, The 
Carter, B. F. & Co Ltd 


Cawkell, A. E. 


Central Electricity Authority 
Cinema-Television Ltd 


Cooling Towers Ltd 


Cossor Instruments Ltd 
Costain-John Brown Ltd 


Crossley Bros. Ltd 


Darlington Insulation Co Ltd 
Davenport Engineering Co Ltd 
Dewrance & Co Ltd 


Dexion Ltd 


Dowty Nucleonics Ltd 


Dynatron Radio Ltd 


Edwards High Vacuum Ltd 
Ekco Electronics Ltd 
Elliott Bros (London) Ltd 
Electric Furnace Co Ltd 
Endecotts (Filters) Ltd 


Energia Nucleare 
Engis Ltd 
Erhard, Johannes 


Ericsson Telephones Ltd 


Extrudex Ltd 


Fairey Aviation Co Ltd, The 
Fielden Electronics Ltd 

Fleming Radio (Developments) Ltd 
Fulmer Research Ltd 


Gardner, Henry & Co Ltd 
General Electric Co Ltd 
General Radiological Ltd 
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Heather Filters Ltd 


Her Majesty’s Stationery Office 
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Isotope Developments Ltd 
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ELECTRONIC 
RESISTANCE 
THERMOMETER 


Self-balancing A.C. 
bridge circuit em- 
ploying resistance 
bulbs for the range 
200°C to+ 500°C. 
Write for publica- 
tion No. 209/ NP. 
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—Fielden Instrumentation combines 
simple and robust construction with 
dependable accuracy and economy 


PYRO— 
SERVOGRAPH 


Ideally suitable for 
industrial condi- 
tions. Incorporates 
many advantages of 
a D.C. Potentio- 
meter at approxi- 
mately one third 
the cost. 
Write for Publi- 
cation No. 233/ 
NP. 


... and save fuel 








FIELDEN ELECTRONICS LTD - WYTHENSHAWE : MANCHESTER Tel: Wythenshawe 3251 


Branch Offices ai 


London + Birmingham 


N. Ireland + Il Middlepath Street, Belfast 


Newcastle-upon-Tyne ° 


3A St. Vincent Street 


Stockton-on-Tees 





PRECISION 
TEMPERATURE 
CONTROLLER 


Provides 
on/off control 
action on a 
temperature 
differential cf 
C.1°C. Write 
for  Publica- 
tion No. 219/ 
NP. 
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REMOTE HANDLING EQUIPMENT 


FOR RADIOACTIVE AND TOXIC MATERIALS 


SAVAGE AND PARSONS LIMITED 
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